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This  study  was  necessitated  by  various  environmental  legislation, 
acts,  and  regulations,  including  the  National  Environmental  Policy 
Act  (NEPA)  of  1969  (Public  Law  91-190);  Executive  Order  11514, 

"Protection  and  Enhancement  of  Environmental  Quality,"  1970;  Section  122 
of  the  River  and  Harbor  and  Flood  Control  Act  of  1970  (Public  Law  91-611) ; 
the  Council  on  Environmental  Quality,  "Guidelines  for  Statements 
on  Proposed  Federal  Actions  Affecting  the  Environment,"  1973;  and  the 
Water  Resources  Council,  "Principles  and  Standards  for  Planning  Water 
and  Related  Land  Resources,"  1973  (Principles  and  Standards);  and  the 
desire  of  the  U.  S.  Army  Corps  of  Engineers  to  conduct  systematic  and 
comprehensive  environmental  planning.  In  essence,  these  legislations, 
acts,  and  regulations  established  general  but  firm  requirements  for  the 
Corps  and  other  Federal  agencies  to  conduct  studies  of  the  environmental, 
social,  and  economic  effects  of  proposed  activities  at  a level  of  detail 
adequate  to  affect  the  decisionmaking  process. 

The  objectives  of  this  study  are  to 

£.  Conduct  a comprehensive  review  and  evaluation  of  major 
impact  methodologies,  particularly  those  that  have  been 
developed  for~or-have  potential  application  to  water  re- 
sources programs. 

_b.  Develop  an  assessment  methodology  consistent  with  NEPA, 
Principles  and  Standards,  and  Corps  Engineer  Regulations 
that  can  be  used  by  Corps  planners  for  assessing  alterna- 
tives and  evaluating  water  resources  programs  and  projects. 

£.  Conduct  several  field  tests  using  the  methodology  to 
determine  overall  utility  and  practicability. 

cl.  Prepare  and  conduct  a training  course  for  water  resources 
planners  relative  to  the  application  and  implementation  of 
this  methodology. 

Objectives  £ and  b have  been  accomplished  and  the  results  are  presented 
herein.  The  remaining  objectives  will  be  addressed  at  a later  date. 

During  this  study,  54  assessment  methodologies  were  reviewed  and 
evaluated  by  a planning  team  composed  of  personnel  from  the  Office, 

Chief  of  Engineers;  the  Lower  Mississippi  Valley  Division;  the 
Jacksonville,  Sacramento,  Tulsa,  and  Vicksburg  Districts;  the  U.  S.  Army 
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Engineer  Waterways  Experiment  Station;  the  U.  S.  Bureau  of  Reclamation; 
and  two  private  consultants  to  determine  their  utility  or  potential 
applicability  for  water  resources  projects.  Final  screening  revealed 
that  none  of  the  methodologies  entirely  satisfied  the  needs  and/or  re- 
quirements of  Corps  activities,  although  several  methods  contained 
salient  features  that  were  considered  by  the  planning  team  as  important 
for  Corps  assessment  and  evaluation.  These  features  include  the  concepts 
of  impact  weighting  and  scaling,  appropriate  impact  summarization  and 
presentation  techniques,  and  lists  of  variables. 

Impact  assessment  includes  consideration  of  the  importance  of  each 
variable  affected  and  the  probable  absolute  or  relative  impacts  of  al- 
ternatives on  each  variable.  Weighting  involves  the  assignment  of  im- 
portance to  impacted  variables,  and  scaling  includes  the  approaches  used 
to  address  the  absolute  or  relative  impacts  of  alternatives.  The 
weighted  rankings  technique  is  the  procedure  used  in  the  water  resources 
assessment  methodology  (WRAM)  for  assigning  importance  weights;  weighted 
rankings,  functional  graphs,  or  linear  proportioning  is  used  for  scaling, 
depending  on  available  data  and  technology. 

The  essential  components  of  WRAM  are 

I.  Selection  and  Familiarization  of  Interdisciplinary 
Team 

II.  Selection  of  Assessment  Variables  and  Environmental 
Inventory 

III.  Impact  Prediction,  Assessment,  and  Evaluation 
IV.  Documentation  of  Results 


In  the  presentation  of  any  such  methodology,  the  claims  of  a "new" 
comprehensive  approach  should  not  be  exaggerated  nor  existing  limita- 
tions for  application  be  underestimated.  Many  of  the  components  of 
WRAM  have  been  used  before.  In  addition,  limitations  in  the  present 
state  of  the  art  of  variable  measurement  and  impact  assessment  and  pre- 
diction preclude  the  level  of  objective,  analytical  evaluation  that  is 
often  desired.  However,  the  dynamic  character  of  WRAM  will  allow  in- 
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Specific  recommendations  for  related  research  activities  identified 
by,  but  not  a part  of,  this  study  include  the  development  of  (a)  function 
graphs  and  (b)  techniques  for  predicting  probable  changes  in  variables 
as  a result  of  implementing  alternatives. 
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PREFACE 


This  research,  Evaluation  of  Environmental  Assessment  Techniques, 

Work  Unit  CWIS  31443,  was  conducted  under  the  Civil  Works  Environmental 
Impact  Research  Program.  This  interim  report  presents  conclusions  based 
on  review  and  evaluation  of  major  impact  methodologies,  particularly  those 
that  have  been  developed  for  or  have  potential  application  for  water 
resources  programs,  and  develops  an  assessment  methodology  (WRAM)  that 
can  be  used  to  assess  impacts  and  evaluate  alternatives  for  water  resources 
programs  and  projects.  Additional  goals  of  this  study,  not  addressed  in 
this  report,  will  be  to  (a)  develop  a statistical  analysis  component  to 
test  for  significant  differences  between  and  among  alternatives  (FY  77); 

(b)  conduct  a rigorous  field  testing  program  (FY  77-78);  (c)  develop  a 
computer  program  to  assist  with  mathematical  computations  (FY  78); 

(d)  continue  interagency  coordination  (FY  77—78) ; and  (e)  develop  and 
conduct  a training  program  for  potential  users  (FY  78-79). 

The  portion  of  the  study  reported  herein  was  conducted  during  the 
period  June  1975-December  1976  by  an  interdisciplinary  study  team  from 
the  Environmental  Effects  Laboratory  (EEL),  U.  S.  Army  Engineer  Waterways 
Experiment  Station  (WES),  and  two  consultants,  with  overall  guidance 
provided  by  a planning  team.  The  study  team  was'  composed  of  and  the 
report  prepared  by  Messrs.  R.  Charles  Solomon,  Billy  K.  Colbert,  and 
William  J.  Hansen,  and  Ms.  Sue  E.  Richardson,  EEL;  and  Drs.  Larry  W. 

Canter,  University  of  Oklahoma,  and  Evan  C.  Vlachos,  Colorado  State 
University.  The  planning  team  was  composed  of  Messrs.  Jack  R.  Bernard 
and  Fred  J.  Kindel,  Sacramento  District;  John  B.  Bushman  and  Richard  L. 
Makinen,  Office,  Chief  of  Engineers  (OCE) ; James  R.  Chambers,  H.  Tom 
Holland,  and  Norwin  E.  Johnson,  Lower  Mississippi  Valley  Division; 

Rudolph  A.  Nyc,  Jacksonville  District;  Ernest  E.  Parks,  Jr.,  Vicksburg 
District;  James  Randolph,  Tulsa  District;  George  H.  Wallen,  Bureau  of 
Reclamation;  Drs.  Rex  L.  Eley,  Walter  B.  Gallaher,  Luther  F.  Holloway, 
and  Conrad  J.  Kirby,  EEL;  Messrs.  Solomon,  Colbert,  and  Hansen; 

Ms.  Richardson;  and  Drs.  Canter  and  Vlachos.  Additionally,  the  study  was 
coordinated  with  the  U.  S.  Environmental  Protection  Agency,  Department 
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of  the  Interior,  Department  of  Housing  and  Urban  Development,  Council 
on  Environmental  Quality,  and  National  Science  Foundation. 

The  constructive  criticisms  and  helpful  comments  prepared  by  the 
members  of  the  planning  team  and  Drs.  A1  Schaffer,  Sociology  Department, 

Texas  A&M  University;  Patricia  K.  Guseman,  Texas  Transportation  Institute, 

Texas  A&M;  and  Fred  W.  Grupp,  Sociology  Department,  University  of 
Connecticut;  and  Messrs.  Glenn  Loomis  and  Gerry  Lowry,  Soil  Conservation 
Service,  Washington,  D.  C.,  are  gratefully  acknowledged. 

This  study  was  performed  under  the  general  direction  of  Drs.  John 
Harrison,  Chief,  EEL,  and  Conrad  J.  Kirby,  Chief,  Environmental  Resources 
Division,  EEL.  Mr.  John  Bushman,  OCE,  was  technical  monitor. 

COL  G.  H.  Hilt,  CE,  and  COL  J.  L.  Cannon,  CE,  were  Directors  of 
WES  during  the  study.  Technical  Director  was  Mr.  F.  R.  Brown. 
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CONVERSION  FACTORS,  METRIC  (SI)  TO  U.  S.  CUSTOMARY  AND 
U.  S.  CUSTOMARY  TO  METRIC  (SI)  UNITS  OF  MEASUREMENT 


Units  of  measurement  used  in  this  report  can  be  converted  as  follows: 


Multiply By To  Obtain 

Metric  (SI)  to  U.  S.  Customary 


microns 
metres 
kilometres 
square  kilometres 

micrograms  per  cubic 
metre 

milligrams  per  litre 

Kelvins  or 

Celsius  degrees 


0.003280839 

3.280839 

0.6213711 

0.3861021 

0.000133526  x 10' 

0.0000083 

9/5 


feet 

feet 

miles  (U.  S.  statute) 

square  miles  (U.  S. 
statute) 

ounces  (mass)  per  gal- 
lon (U.  S.  liquid) 

pounds  (mass)  per  gallon 
(U.  S.  liquid) 

Fahrenheit  degrees* 


U.  S.  Customary  to  Metric  (SI) 


feet  0. 3048 

miles  (U.  S.  statute)  1.609344 

acres  4046. o56 

tons  907.1847 


metres 
kilometres 
square  metres 
kilograms 


* To  obtain  Fahrenheit  (F)  temperature 
ings , use  the  following  formula:  F = 

heit  readings  from  Kelvins  (K) , use: 


readings  from  Celsius  (C)  read- 
9/5(C)  + 32.  To  obtain  Fahren- 
F = 9/5 (K  - 273.15)  + 32. 
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WATER  RESOURCES  ASSESSMENT  METHODOLOGY  (WRAM)-- 
IMPACT  ASSESSMENT  AND  ALTERNATIVE  EVALUATION 


PART  I:  INTRODUCTION 

Background  for  Impact  Assessment 
Legislation  and  regulations 

1.  Prior  to  the  enactment  of  the  National  Environmental  Policy 

Act  (NEPA)  of  1969  (Public  Law  (PL)  91-190),  projects  under  the  direction 
of  the  U.  S.  Army  Corps  of  Engineers,  the  U.  S.  Forest  Service,  and 
several  other  Federal  agencies  were  controlled  by  internal  regulations 
and/or  policy  requirements  that  resulted  in  an  impact  survey,  assessment 
document,  base  survey,  or  similar  review  for  each  project.  The  purpose 
of  such  reviews  was  to  delineate  changes  in  land  use,  resource  develop- 
ment, or  resource  management.  Generally,  the  resulting  report  was  not 
provided  to  other  Federal  agencies  or  the  public  for  formal  review. 
However,  with  increased  public  interest  in  the  environment  and  resource 
protection  in  the  late  1960's,  Congress  passed  NEPA.  The  primary 
importance  of  this  act  was  the  establishment  of  a broad  national  policy 
directing  Federal  agencies  to  maintain  and  preserve  environmental  quali- 
ty- 

2.  The  most  significant  feature  of  NEPA  is  the  requirement  for  an 
environmental  impact  statement  (Section  102(2)(c)).  This  section  re- 
quires all  Federal  agencies  and  officials  to  (a)  direct  their  policies, 
plans,  and  programs  to  protect  and  enhance  environmental  quality; 

(b)  view  their  actions  in  a manner  that  will  encourage  productive  and 
enjoyable  harmony  between  man  and  his  environment;  (c)  promote  efforts 
that  will  minimize  or  eliminate  adverse  effects  to  the  environment  and 
stimulate  the  health  and  well-being  of  man;  (d)  promote  the  understanding 
of  ecological  systems  and  natural  resources  important  to  the  Nation; 

(e)  use  a systematic  and  interdisciplinary  approach  that  integrates  the 
ecological,  social,  cultural,  and  economic  factors  in  planning  and 
decisionmaking;  (f)  study,  develop,  and  describe  alternative  actions 
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that  will  avoid  or  minimize  adverse  impacts;  and  (g)  evaluate  the 
short-  and  long-term  impacts  of  proposed  actions. 

3.  NEPA  also  established  the  Council  on  Environmental  Quality  (CEQ) , 
one  of  the  functions  of  which  is  to  issue  guidelines  for  preparing  en- 
vironmental impact  statements.  All  Federal  agencies,  in  consultation 
with  CEQ,  are  required  to  develop  their  own  internal  instructions  or 
regulations  for  implementing  NEPA. 

4.  Subsequent  legislation  in  Section  122  of  the  River  and  Harbor 
and  Flood  Control  Act  of  1970  (PL  91-611)  directed  the  Corps  to  promul- 
gate guidelines  designed  to  ensure  that  possible  adverse  economic, 
social,  and  environmental  effects  related  to  flood  control,  navigation, 
and  associated  plans  were  considered  during  plan  formulation.  An  effects 
assessment  report,  required  in  response  to  this  legislation,  parallels 
and  is  concurrent  with  plan  formulation  and  is  used  as  input  to  the 
environmental  impact  statement. 

5.  After  the  effective  date  of  NEPA  (1  January  1970),  the  Corps  of 
Engineers  along  with  other  Federal  agencies  was  required  to  prepare  en- 
vironmental impact  statements  on  a backlog  of  projects  in  various  stages 
of  planning,  design,  construction,  and  operation.  The  compilation  of 
required  information  in  sufficient  detail  to  affect  the  decisionmaking 
process,  however,  requires  qualified  personnel,  time,  and  money. 

Initially,  the  personnel,  time,  and  funds  required  to  process  this  back- 
log of  projects  were  not  available  to  Federal  agencies.  Consequently, 
environmental  impact  statements  prepared  by  most  Federal  agencies  during 
1970  and  1971,  in  the  absence  of  specific  guidance  by  Congress  or  CEQ, 
were  very  brief;  did  not  adequately  describe  the  environmental  impacts 
of  proposed  projects,  especially  secondary  and  cumulative  impacts;  did 
not  adequately  address  a wide  spectrum  of  alternatives  and  their  various 
impacts;  and  did  not  actively  seek  public  participation. 

6.  Subsequent  to  NEPA  and  Section  122  of  PL  91-611,  a broad  and  com- 
prehensive regulation,  "Principles  and  Standards  for  Planning  Water  and 
Related  Land  Resources,"  hereafter  referred  to  as  Principles  and  Stan- 
dards, was  developed  by  the  Water  Resources  Council  (Water  Resources 
Council  1973) . Principles  and  Standards  was  developed  to  promote  the 


10 


quality  of  life  by  reflecting  society's  preferences  for  enhancing  both 
national  economic  development  and  the  quality  of  the  environment.  The 
"Principles"  provide  a broad  policy  framework  for  planning  activities, 
and  the  "Standards"  provide  operational  criteria  for  achieving  uniformity 
and  consistency  in  comparing,  measuring,  and  judging  beneficial  and  ad- 
verse effects  of  alternatives.  Principles  and  Standards  applies  specifi- 
cally to  all  Corps  Civil  Works  projects  and  to  all  other  Federal  agency 
projects  related  to  planning,  developing,  and  managing  water  or  related 
land  resources. 

7.  In  response  to  the  planning  requirements  developed  by  the  Water 
Resources  Council,  the  Corps  has  developed  the  Engineer  Regulation 

(ER)  1105-2-200  series  to  establish  internal  guidance  for  conducting 
feasibility  studies  for  water  and  related  land  resources,  and  the 
ER  1105-2-421  series  to  clarify  environmental  quality  factors  that  should 
be  taken  into  consideration  during  planning. 

Need  for  methodologies 

8.  Water  resources  programs  and  projects,  like  all  Civil  Works 
projects,  are  very  broad  and  frequently  highly  complex  from  the  stand- 
point of  the  diverse  biological,  chemical,  physical,  social,  cultural, 
and  economic  factors  that  may  be  affected.  Consequently,  evaluation  of 
the  effects  of  water  resources  projects  on  the  environment  is  complicated 
and  should  be  approached  systematically.  These  complexities  mandate  a 
flexible  assessment  approach  or  methodology  rather  than  a rigidly  struc- 
tured system  that  would  inhibit  the  application  of  knowledge  and  the 
exercising  of  professional  judgment  by  Corps  field  personnel. 

9.  One  important  purpose  of  an  impact  methodology  is  to  ensure  that 
all  assessment  variables  that  need  to  be  considered  (as  determined  by 
the  planning  team,  internal  regulations,  State  or  Federal  laws,  or  con- 
cerned citizens  groups)  are  included  in  impact  analysis,  assessment,  and 
evaluation.  Ideally,  a methodology  should  provide  a means  of  identi- 
fying data  needs  and  determining  priorities  for  allocating  resources. 

An  environmental  assessment  method  should  also  provide  a framework  for 
evaluating  alternative  plans  on  a comparable  basis.  Finally,  method- 
ologies should  be  useful  in  evaluating  the  effectiveness  of  mitigation 
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measures,  in  considering  trade-offs  among  alternative  actions,  and  in 
formulating  additional  alternatives. 

10.  Federal  agencies,  universities,  and  private  consultants  have 
developed  numerous  environmental  impact  assessment  methodologies  since 
1970.  Despite  these  developments,  there  are  no  universally  acceptable 
techniques  or  procedures  for  conducting  impact  assessments  because  of 
the  high  diversity  of  types  of  projects,  the  particularities  of  each 
situation,  and  changing  sociocultural  conditions.  However,  there  are 
features  of  various  assessment  methodologies  that,  if  used,  would  enhance 
the  conduct  of  environmental  assessment. 

11.  The  Water  Resources  Council  has  recognized  the  need  for 
planning  tools  and  for  research  to  increase  the  efficiency  of  planning 
efforts.  According  to  Principles  and  Standards,  "The  Council  will  en- 
courage and  support  needed  improvements  in  the  application  of  the  con- 
ceptual and  theoretical  planning  and  decisionmaking  framework  upon  which 
these  Principles  are  based"  (Water  Resources  Council  1973). 

Environmental  assessment  in  planning 

12.  The  overall  objective  of  the  Corps'  planning  framework,  based 
on  the  legal  requirements  discussed  previously,  is  to  develop  plans  for 
the  conservation,  development,  and  wise  management  of  water  and  related 
land  resources.  Information  must  be  obtained,  often  from  detailed  field 
reconnaissance,  before  decisions  can  be  made  concerning  wise  resource 
management  under  existing  and  projected  conditions.  If  the  Corps  is 

to  be  responsive  not  only  to  the  letter  but  to  the  intent  of  current 
legislative  and  administrative  mandates,  it  is  paramount  that  environ- 
mental studies  become  an  integral  part  of  the  Corps'  planning  process 
and  that  environmental  impact  assessments  be  prepared  simultaneously 
with  and  in  comparable  detail  to  engineering  and  economic  studies. 

13.  The  general  planning  process  as  outlined  in  ER  1105-2-200 

consists  of  three  planning  stages:  Stage  1,  development  of  a plan  of 

study;  Stage  2,  intermediate  plans;  and  Stage  3,  detailed  plans;  and 
four  functional  planning  tasks:  (a)  problem  identification,  (b)  formu- 

lation of  alternatives,  (c)  impact  assessment,  and  (d)  evaluation.  The 
four  planning  tasks  are  undertaken  during  each  stage;  however,  the 
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emphasis  on  the  task  varies  (e.g.,  problem  identification  is  of  greatest 
concern  in  developing  the  plan  of  study,  but  is  of  lesser  importance  in 
developing  intermediate  and  detailed  plans).  Environmental  assessment 
and  evaluation  are  predominant  tasks  in  Stages  2 and  3. 

14.  The  three  planning  stages  provide  for  an  orderly  analysis  in 
which  the  development  of  increasingly  detailed  data  and  alternative  plans 
is  accomplished  during  each  subsequent  stage.  In  the  final  stage, 
precisely  defined  concepts  of  resource  management  that  have  been  devel- 
oped into  specific  detailed  plans  are  presented.  This  process  is  shown 
in  Figure  1. 


Purpose  and  Scope 


15.  The  purposes  of  this  study  are  to 

a_.  Conduct  a comprehensive  review  and  evaluation  of  major 
impact  methodologies,  particularly  those  that  have  been 
developed  for  or  have  potential  application  for  water 
resources  programs. 

1).  Develop  a flexible  assessment  methodology,  consistent  with 
NEPA,  Principles  and  Standards,  and  Corps  ER's  (Appendix  A), 
that  can  be  used  by  Corps  planners  for  assessing  alterna- 
tives and  evaluating  water  resources  programs  and  projects. 

16.  Additional  objectives  of  this  research,  to  be  developed  in 
future  studies  but  not  addressed  in  this  report,  are  to 

a.  Conduct  several  field  tests  using  the  methodology  to 
determine  overall  utility  and  practicability. 

b.  Prepare  and  conduct  a training  course  for  water  resources 
planners  relative  to  the  application  and  implementation  of 
this  methodology. 

17.  Due  to  the  nature  of  the  problem,  the  scope  of  this  study  is 
necessarily  general.  The  report  is  designed  as  a guideline  for  assessing 
impacts  and  evaluating  alternatives  in  planning  tasks  (c)  and  (d)  of  the 
three  planning  stages.  The  water  resources  assessment  methodology  (WRAM) 
provides  a framework  that  will  permit  a systematic  approach  to  planning 
consistent  with  the  requirements  of  the  Principles  and  Standards  and 
Corps'  regulations.  It  has  been  developed  on  the  premise  that  it  will 

be  used  at  the  operational  level  for  Corps  Civil  Works  projects. 
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PART  II:  EVALUATION  OF  EXISTING  ENVIRONMENTAL 

ASSESSMENT  METHODOLOGIES 


Types  of  Methodologies 


18.  Most  methods  of  environmental  impact  assessment  can  be  divided 

into  two  major  groups:  checklist  methods  and  matrices.  Remaining 

methodologies  can  be  categorized  as  ad  hoc  procedures,  overlay  methods, 
or  network  methods. 

Checklist  methods 

19.  Checklist  methods  list  variables  and  potential  impacts  typi- 
cally associated  with  particular  categories  of  projects.  Users  of  check- 
lists select  variables  from  a master  list  and  evaluate  impacts  that  are 
expected  to  result  from  a variety  of  alternatives. 

ji.  Simple  checklists  include  a list  of  variables  and  potential 
impacts;  however,  no  guidelines  are  provided  on  how  these 
variables  and  impacts  are  to  be  measured  or  interpreted. 

j).  Descriptive  checklists  are  more  informative  in  that  they 
include  an  identification  of  variables  and  potential 
impacts  and  provide  guidelines  on  how  these  items  are  to  be 
measured. 

c_.  Scaling  checklists,  which  are  similar  to  descriptive  check- 
lists, provide  additional  techniques  necessary  to  determine 
the  absolute  or  relative  measures  of  impacts. 

ci.  Weighting-scaling  checklists  provide  techniques  for  scaling 
impacts  and  assigning  relative  importance  weights  to  each 
variable . 

Matrix  methods 

20.  Matrix  approaches  incorporate  a list  of  project  activities  in 
addition  to  a checklist  of  potential  impacts.  These  two  lists  are  re- 
lated in  a matrix  that  identifies  relationships  between  activities  and 
impacts. 

a.  A simple  matrix  approach  to  impact  assessment  is  based  on  a 
two-dimensional  checklist  of  project  activities  and  potential 
environmental  impacts. 

fcu  The  scaling  matrix  can  be  used  to  indicate  magnitude  and  im- 
portance of  each  impact. 

c.  The  stepped  matrix  approach  can  be  used  to  indicate  secondary 
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and  interrelated  impacts.  For  example,  if  it  can  be  shown  that 
a project  action  will  impact  a specific  variable,  that  variable 
can  then  be  analyzed  to  document  the  influence  of  projected 
changes  of  the  variable  on  other  variables  being  considered. 

This  concept  provides  a method  for  identifying  cross-impacts 
and  interactive  effects. 

Evaluation  of  Methodologies 

21.  Many  basic  frameworks  for  environmental  impact  assessment 
methodologies  have  been  developed  since  the  enactment  of  NEPA;  however, 
most  were  developed  to  address  specific  project  problems  (e.g.,  Walton 
and  Lewis  1971  and  Arthur  D.  Little,  Inc.,  1971  addressed  the  impacts  of 
transportation).  Many  of  these  methodologies  have  been  categorized  ac- 
cording to  various  characteristics  and  evaluated  against  certain  reviewer- 
specified  criteria.  The  most  comprehensive  reviews  are  those  conducted 

by  Drobney  and  Smith  1973,  Warner  and  Preston  1974,  Jain  and  Urban  1975, 
and  Canter  1977. 

Selecting  a water  resources 
planning  methodology 

22.  During  this  study,  an  intensive  literature  review  was  made  by 
the  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES)  study  team 
to  identify  existing  methodologies  and  determine  if  any  could  directly 
serve  as  an  assessment  methodology  for  water  resources  projects.  Ini- 
tially, two  general  characteristics,  (a)  previous  application  to  water 
resources  projects  and  (b)  potential  application  to  wafnr  resources 
projects,  were  established  for  evaluating  54  environmental  impact  method- 
ologies (Appendix  B) . A total  of  21  methodologies  met  one  or  the  other 
of  these  characteristics.  Secondly,  19  desirable  characteristics 
(listed  in  Appendix  B)  were  developed  for  intermediate  screening,  by 
which  8 of  the  remaining  21  methodologies  were  identified  as  having 
sufficient  desirable  characteristics  to  warrant  further  evaluation. 
Finally,  seven  criteria  (listed  in  paragraph  23)  were  used  for  final 
screening.  These  seven  are  considered  essential  for  a Corps  assessment 
methodology.  Figure  2 illustrates  the  screening  procedure  that  was 
followed. 
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Figure  2.  Screening  of  environmental 
impact  assessment  methodologies 

Final  screening  criteria 

23.  The  seven  final  screening  criteria  are  described  as  follows: 

a.  Responsive  to  Principles  and  Standards.  The  methodology 
should  be  responsive  to  the  planning  concepts  and  system 
of  accounts  as  delineated  in  Principles  and  Standards. 

b.  Comprehensive.  The  methodology  should  address  the  various 
impacts  of  water  resources  projects  and  programs  on  the 
physical-chemical,  biological,  cultural,  and  socioeconomic 
environments.  The  methodology  should  encompass  all  po- 
tential beneficial  and  detrimental  impacts.  It  should  also 
highlight  key  issues  or  allow  special  emphasis  on  factors 
of  national,  state,  or  local  importance  (e.g.  , threatened 
or  endangered  species,  historic  landmarks,  and  archaeologi- 
cal sites)  or  factors  of  intense  public  concern  or  contro- 
versy. 

£.  Dynamic . The  methodology  should  be  dynamic  in  terms  of  the 
variables  considered  and  the  technology  used  for  impact 
identification,  prediction,  and  assessment.  It  should  be 
capable  of  including  additional  variables  and  incorporating 
additional  measurement  and  predictive  techniques  as  tech- 
nology becomes  available. 
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cL  Flexible.  The  methodology  should  be  responsive  to  the 

varying  nature,  size,  and  scope  of  Corps  Civil  Works  proj- 
ects and  programs.  Additionally,  it  must  be  functional  in 
various  regions  throughout  the  United  States.  Since  the 
effectiveness  of  impact  assessment  is  directly  related  to 
the  composite  professional  judgment  of  the  interdiscipli- 
nary team  performing  the  study,  it  is  necessary  to  use  a 
methodology  that  is  directed  toward  incorporation  of  this 
composite  approach  and  judgment. 

£.  Ob j ect ive.  The  methodology  should  stress  objective  analyses 
of  impacts.  Baseline  conditions  should  be  quantified  for 
variables  considered,  and  changes  in  each  variable  that 
would  result  from  implementation  of  each  alternative  plan 
and  the  no-action  alternative  should  be  predicted.  However, 
lack  of  measurement  techniques  and/or  predictive  technolo- 
gies for  many  variables  currently  precludes  total  achieve- 
ment of  this  goal.  In  fact,  measurement  and  prediction 
practices  generally  dictate  a combination  of  objective 
analyses  and  subjective  evaluations. 

Implementable.  The  methodology  must  be  implement able  at  the 
field  level  and  straightforward  in  approach.  It  must  not 
be  overly  complex,  or  lack  descriptions  of  its  application 
or  interpretation  of  results.  Impact  assessment  must  be 
able  to  be  accomplished  within  manpower,  funding,  and  time 
constraints  of  Corps  Districts. 

£.  Replicable.  The  results  achieved  should  be  replicable. 

The  methodology  must  provide  a sufficient  framework  so  that 
different  interdisciplinary  teams  using  the  methodology  for 
the  same  study  will  arrive  at  the  same  conclusions  with 
regard  to  the  evaluation  of  the  alternatives  examined. 


Methodologies  selected 

24.  The  following  eight  methodologies  were  subjected  to  the  final 
screening: 

<a.  The  Battelle  Environmental  Evaluation  System  (Dee  et  al. 
1972). 

The  Tulsa  District  method  (U.  S.  Army  Engineer  District, 
Tulsa,  1972). 

£.  The  Multiagency  Task  Force  method  (Bureau  of  Reclamation 
1972). 

cl.  The  Environmental  Impact  Center  method  (Environmental 
Impact  Center,  Inc.,  1973). 
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£.  The  Battelle  Dredging  Assessment  method  (Battelle-Columbus 
Laboratories  1974b) . 

The  Lower  Mississippi  Valley  Division  method  (U . S.  Army 
Engineer  Division,  Lower  Mississippi  Valley,  1976). 

ti.  The  Soil  Conservation  Service  Guide  to  Environmental 
Assessment  (Soil  Conservation  Service  1974). 

Salient  features 

25.  None  of  the  eight  methodologies  entirely  satisfied  all  seven 
criteria  used  in  the  final  screening  procedure.  However,  each  method- 
ology contained  salient  features  that  were  considered  important  for 
Corps  environmental  assessment.  These  features  included  the  concepts 
of  impact  weighting  and  scaling,  appropriate  impact  summarization  and 
presentation,  and  extensive  lists  of  variables.  Table  1 summarizes  the 
characteristics  and  salient  features  of  each  of  these  eight  methodolo- 
gies. The  concepts  basic  to  these  features  are  developed  and  described 
in  Part  III  of  this  report. 


Summary  of  Salient  Features  of  Eight 
Water  Resources  Impact  Methodologies 


03  03  3 

h -a  o u 
05  a 9 oi  •<■« 

4-*  U 4J  U .-4 

<J  C O i— I 
3 91  1 00  « 

T]  Cl  91  91 


ora  _q  > a* 

73  fl  *-< 
•HUB 


•~t  U 4-4 

a.  j=  • 
C 00  33 
(0  0)  -H  0J 
3 91  91 

a-  3 3 a 


> o 
•H  c 

U 9J  00  • 

® 91  C 73 
4-4  09  -4-<  04 


4-4  09  O 

91/-.  U E c 
09  O C ♦ — <TI 

> E re  3 

•H  W — | in  a. 

4-*  a c i 


— i 09  e 

O 09  44-1  O > fH 

-.09C-HJ- 

0!  3 C w 4-1  4-1 

W O 09  !0  09 

X 91  £ O C "73 


® - O 73  Jl  O 

u h oc  q u oo 

•W  03  ' — ' <73  C — ' 

*J  3 09 

C 0-0  ‘30  • 

<73  »-4  _ r-4  ^-s 

3 03  "O  V.  33 

a-  3 4-  nj  c 3 

-■4  O X -4  o XI 


9!  ® 9|  O C D-73 
3 U > U 09  ~t  09 

i«  « a 6 u » 

0)  O 00  03  3 

C i-<  > 09  33  ->-4 

O IT!  C > 3 73  E 


3 > C C 0.73 

o -*  U 09  f>  09 

to  o a e u » 

> oo  <n  3 


09  Clw- 
4-i  09  O 0)  O 

03  U 09  V- 

^ C 3 <*,  *9  <73 

03  <0  01  0 C C 

4J  03  K l- 
— 1 u <73  Cl  £ -H 


0)  09  09  u 

>,  c v <+*  u n 

0)  <73  09  O C C 

4-i  03  1-  09  i-4 

— U <73  CL  £ — 

<73  O X U O- 
U CL  09  33 


— U <7!  G.  r f 

3 O X tt  C. 
U CL  09  T3  "7 

••4  E 00  >3  0 


E 4-i  <j  —1  -a 
3 • X 3 >-  • 

c 73  00  c 09  E 


E 4-1  CJ  -7D 
3 • X 09  3 V- 

C 3 00«  C II 


S3  44  | . 

DC  C C 9- 

91  O 09  O 


-4  "O  0)  X 09 
00  C <73  4J  -4 
O 3 X •*  X 3 
~ a 3 <73 


<73  O X 
X E -4  3 , 
<3  —4  4J  -H 


73  E - u 
; ii  94  o 
O X 3 <0 


•*4  ••3  0- 

O 03 

4-1  C C 

49  COO 
03  3 -4 

■H  O 73  *J 
H u 41  H 
0 73  3 
•73  3 -4  — • 

O >3 
O Q O > 


<93  -73  -73 

3 C 03  C 
X 3 -H  3 


— C 3 
) G 09  3 E 
4X3  U 


Note:  SWB  = Social  Well-Being 
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PART  III:  ENVIRONMENTAL  ASSESSMENT  METHODOLOGY 


26.  In  the  immediate  future,  field  testing  and  review  comments  will 
be  used  to  revise  the  present  WRAM  framework  for  potential  implementa- 
tion as  part  of  the  Corps'  planning  process.  Even  with  implementation, 
WRAM  will  be  evolutionary  as  field  applications,  additional  reviews,  and 
improvements  in  the  state  of  the  art  of  impact  modeling,  prediction,  and 
assessment  result  in  appropriate  revisions. 

Weighting-Scaling  Technique 

27.  Impact  assessment  includes  consideration  of  the  importance  of 
each  impacted  variable  and  the  absolute  or  relative  impacts  of  alterna- 
tives on  each  variable.  Weighting  involves  the  assignment  of  importance 
to  impacted  variables,  and  scaling  includes  the  approaches  used  to  re- 
flect absolute  or  relative  impacts  of  alternatives.  The  principles  of 
the  weighting-scaling  technique  used  in  this  methodology  have  been 
described  by  Dean  and  Nishry  (1965)  . 

Weighting 

28.  An  example  is  presented  in  the  following  tabulation  to  illus- 
trate the  weighting  procedure.  Six  hypothetical  impacted  variables  are 


Variable 

Assignment  of  Imr 

tor  t ance  Va 

lues 

■ — ■ ' T ~~  1 

Sum 

K1C 

VI 

0 1 ' 

1 0 0 

1 i 

3.0 

0. 14 

V2 

1 

l 0.5  ( 

0.5  I 

i 

S.O 

0.24 

V 3 

° 

0 

0.5 

0 i 

0.5  ; 

1 

2.0 

0.09 

V4 

0 

i o.s 

0.5 

0.5  0 1 

2.5 

0.12 

VS 

1 1 

i 0.5 

1 ' 

o.s 

1 1 ' S.O 

' 0.24 

V6 

1 

0 

0.5 ; 

1 1 

j 0 1 3.5 

0.17 

V? 

0 1 

1 0 

0 

0 

0 0 0.0 

0 

(Dunrav ) 



Total  21.0* 

J 

1.00** 

♦♦Must  sum  to  unity 


shown  along  with  a dummy  variable.  The  dummy  variable,  which  by  defini- 
tion has  no  relative  impact,  is  included  to  preclude  any  impacted  varia- 
ble from  being  assigned  a value  of  zero  (no  relative  importance).  Each 
variable  in  the  example  is  compared  with  every  other  variable  in  order 
to  determine  which  of  each  pair  is  considered  to  be  the  most  important 
for  the  study  area.  The  variable  considered  to  be  more  important  is 
assigned  a value  of  one,  and  a value  of  zero  is  assigned  to  the  other. 

If  a decision  cannot  be  made  regarding  relative  importance,  or  if  both 
variables  are  considered  to  be  of  equal  importance,  a value  of  0.5  is 
assigned  to  each. 

29.  The  columns  in  the  tabulation  under  the  heading  "Assignment  of 

Importance  Values"  represent  the  results  of  the  variable-by-variable 
comparisons.  The  assigned  values  for  each  variable  are  summed,  and  each 
sum  is  divided  by  the  total  of  all  assigned  values,  21,  to  determine  the 
relative  importance  coefficient  (RIC) . Two  checks  concerning  the  ac- 
curacy of  the  mathematical  calculations  can  be  made  using  the  totals  in 
the  tabulation:  the  sum  column  should  total  to  N(N-l)/2  , where  N is 

equal  to  the  number  of  variables  considered  (including  the  dummy) ; and 
the  RIC  column  should  total  to  unity. 

30.  The  RIC  column  in  the  tabulation  shows  the  ranking  of  each 
variable  considered.  The  dummy  variable  is  zero  (no  priority)  by  defini- 
tion, and  the  ordering  of  the  remaining  six,  from  highest  to  lowest  pri- 
ority, is  V2  and  V5,  V6,  VI,  V4,  and  V3. 

Scaling 

31.  An  example  of  the  use  of  the  weighted  rankings  technique  for 
impact  scaling  is  shown  in  Table  2.  The  impacts  of  four  alternative 
plans  on  Variable  X are  to  be  scaled.  The  predicted  impacts  as  shown 
can  be  described  in  absolute  (quantitative)  or  relative  (qualitative) 
terms,  with  relative  values  shown  for  illustration.  The  procedure  in- 
volves simply  deciding  which  of  two  plans  at  a time  would  have  the  most 
beneficial  Impact  on  Variable  X.  A value  of  1 is  assigned  to  the  more 
desirable  of  the  pair,  and  the  less  desirable  is  assigned  a zero.  If 
two  plans  have  similar  impacts,  a value  of  0.5  is  assigned  to  each.  The 
columns  under  the  heading  "Choice  Assignment"  represent  the  results  of 
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Table  2 

Scaling  of  Impacts  on  Variable  X Using 
Weighted  Rankings  Technique 


Problem 

The  impacts  of  five  alternatives  on  Variable  X have  lain  predii  ti. 
to  be  as  follows: 

Alternative  Predicted  Impact 
No  Action  Beneficial 

Plan  A Beneficial 

Plan  B Most  beneficial 

Plan  C Detrimental 

Plan  D Most  detrimental 

Determine  scaled  values  using  weighted  rankings  technique. 

Solution 


Alternative 


No  Action 
A 
B 
C 
D 


Cho  ice 

Choice  Assignment 

Total  ACC 

Total 


the  step-by-step  pairwise  comparisons.  Plan  B,  with  an  alternative 
choice  coefficient  (ACC)  of  0.4,  would  be  the  most  beneficial  alterna- 
tive considering  the  potential  impacts  on  Variable  X. 

32.  Impact  scaling  can  also  be  accomplished  either  through  the  use 
of  functional  curves  or  the  use  of  a linear  scaling  technique.  These  two 
techniques  will  be  subsequently  discussed  as  a part  of  the  assessment 
methodology . 

Display  of  results 


33.  The  results  of  the  weighting-scaling  technique  are  displayed  in 
a final  coefficient  matrix.  An  example  of  the  final  coefficient  matrix 
listing  the  RIC's  for  five  variables  and  ACC's  for  four  alternatives  is 
shown  in  the  following  tabulation.  The  final  coefficient  matrix 


represents  a display  of  the  products  of  RIC's  and  ACC's  of  each  alterna- 
tive for  each  variable  under  consideration.  Summation  of  the  individual 
values  as  shown  in  the  final  coefficient  matrix  leads  to  the  identifica- 
tion of  the  most  beneficial  alternative.  In  the  example  shown  in  the 
tabulation,  Alternative  A would  be  the  most  desirable,  and  Alternative  C 
or  D would  be  the  second  choice.  Alternative  A has  a value  of  0.32,  and 
Alternatives  C and  D each  have  a value  of  0.26. 

34.  The  principles  of  the  weighting-scaling  technique  as  described 
in  paragraphs  28-33  are  used  in  the  various  steps  of  WRAM  described  in 
the  following  section. 


Components  of  WRAM 


35.  Figure  3 illustrates  the  basic  components  of  WRAM,  and  Table  3 
lists  specific  steps  associated  with  each  component.  WRAM  should  be 


POSSIBLE  ITERATIONS 

Figure  3.  Components  of  assessment  methodology 

used  by  following  the  individual  steps  associated  with  each  component 
in  the  order  presented  in  Table  3.  Several  iterations  of  these  steps 
will  generally  be  required  during  each  planning  stage.  The  dashed  lines 
in  Figure  3 illustrate  possible  iterations. 

36.  WRAM  is  not  a panacea  for  identifying,  predicting,  assess- 
ing, and  evaluating  the  impacts  of  alternative  water  resources  develop- 
ment plans.  It  is  currently  impossible  to  develop  a detailed  method- 
ology that  will  meet  the  unique  needs  for  every  study  in  every  geographic 
location  within  the  jurisdiction  of  the  Corps  of  Engineers.  WRAM, 
as  is  true  for  all  other  methodologies,  is  not  a substitute  for  the 
professional  judgment  of  decisionmakers,  nor  is  it  intended  to  be 
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Table  3 

Components  of  WRAM 

I.  Interdisciplinary  Team 

A.  Selection 

1.  Select  members  of  interdisciplinary  team. 

2.  Designate  team  leader. 

B.  Review  and  Familiarization 

1.  Review  study  area  history. 

2.  Visit  study  area. 


II.  Assessment  Variables 

A.  Selection 

1.  Assemble  list  of  mandatory*  or  critical**  variables  for  each  of  the  four 
national  accounts  (EQ,  NED,  SWB,  and  RD).+ 

2.  Use  criteria  questions  or  weighting  portion  of  weighted  rankings  technique, 
along  with  professional  judgment,  to  select  additional  relevant  variables. 

3.  Identify  any  resulting  interactive  or  cross- impact  variables  or  categories. 

B.  Environmental  Inventory 

1.  Assemble  extant  baseline  data  for  selected  variables. 

2.  Identify  variables  with  data  deficiencies. 

3.  Use  weighted  rankings  technique  and  other  criteria  to  allocate  manpower  and 
funding  resources  to  data  collection  effort. 

4.  Conduct  field  studies  or  assemble  information  on  data-def icient  input 
variables . 


III.  Impact  Prediction,  Assessment,  and  Evaluation 

A.  Prediction  and  Delineation 

1.  Predict  changes  in  each  variable  for  each  alternative  plan  and  the  no- 
action alternative  using  available  techniques  and/or  professional 
judgment . 

2.  Delineate  potential  impacts  of  alternatives. 

3.  Highlight  significant  impacts  and  "red  flag"  any  critical  issues. 

B.  Weighting  and  Scaling 

1.  Use  weighted  rankings  technique  to  determine  relative  importance 
coefficients  (RIC)  for  each  variable. 

2.  Scale  predicted  impacts  through  development  of  alternative  choice  coeffi- 
cients (ACC)  or  use  of  function  graphs  or  linear  scaling. 

C.  Evaluation  and  Interpretation  of  Results 

1.  Multiply  RIC’s  by  ACC’s  to  obtain  final  coefficient  matrix.  Sum  coeffi- 
cient values  for  each  alternative. 

2.  Use  values  in  final  coefficient  matrix  as  basis  for  description  of 
impacts  of  alternatives  and  trade-offs  between  alternatives. 

3.  Discuss  any  critical  issues  and  predicted  impacts. 


IV.  Documentation  of  Results 

A.  Rationale 

1.  Describe  rationaie  for  selection  of  decision  variables. 

2.  Describe  procedure  for  impact  identification  and  prediction,  and  ration- 
ale for  weighting,  scaling,  and  interpreting  results. 

B.  Referencing  of  Sources  of  Information 

C.  Decision  on  Environmental  Impact  Statement 


* Mandatory  = variables  required  by  legislation  or  regulations. 

**  Critical  = variables  that  are  not  mandatory  but  usually  impacted  by  water  resources 
projects . 

t EQ  = Environmental  Quality 

NED  * National  Economic  Development 
SWB  * Social  Well-Being 
RD  s Regional  Development 


the  only  decisionmaking  tool;  however,  WRAM  can  aid  the  decisionmaking 
process  by  providing  a systematic  framework  for  an  interdisciplinary  as- 
sessment of  the  impacts  of  water  resources  management  alternatives.  Al- 
though WRAM  is  presented  primarily  for  use  by  the  Corps  in  i,ts  water 
resources  management  program,  it  does  have  general  applicability  to  other 
resource  management  agencies  and  programs. 

Interdisciplinary  team 

37.  Effective  implementation  of  WRAM  requires  an  interdisciplinary 
team  approach.  As  a minimum,  the  team  should  include  representatives 
from  the  disciplines  of  ecology,  economics,  engineering,  and  sociology/ 
anthropology.  District  specialists  representing  the  required  disciplines 
include  environmental  planners,  biologists,  economists,  engineers,  soci- 
ologists, and  outdoor  recreation  planners.  If  specialists  from  each 
discipline  are  not  available  from  District  staffs,  qualified  representa- 
tives from  coordinating  agencies,  local  colleges  or  universities,  private 
consultants,  or  the  interested  public  could  be  used  as  team  participants. 
It  is  advisable  that  each  team  member  be  sensitive  to  the  other  disci- 
plines involved  and  supportive  of  the  interdisciplinary  approach  to 
impact  assessment. 

38.  One  member  of  the  interdisciplinary  team  should  be  designated 
as  team  leader  with  the  overall  responsibility  for  planning  and  coor- 
dinating the  specific  environmental  assessment  study  and  documenting 
the  findings.  The  team  leader  should  have  practical  knowledge  of  impact 
assessment,  sensitivity  to  the  questions  and  approaches  of  other  disci- 
plines, and  management  and  leadership  capabilities. 

39.  All  team  members  should  be  familiar  with  WRAM,  Principles  and 
Standards,  CEQ  guidelines.  Corps  planning  regulations,  and  a variety  of 
legislative  and  agency  guidelines  that  establish  the  requirements  for 
planning  efforts.  Effective  planning  also  requires  familiarity  with  the 
environmental  conditions  and  public  preferences  within  the  study  area. 
Accordingly,  periodic  trips  by  members  of  the  interdisciplinary  team  to 
establish  sensitivity  to  the  study  area  are  required  to  develop  and 
maintain  an  understanding  of  changing  conditions  and  preferences. 

AO.  It  is  recognized  that  the  composition  and  leadership  of  the 
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interdisciplinary  team  may  change  over  the  multiple  stages  in  project 
planning.  Additions  to  or  changes  in  team  membership  should  be  con- 
sidered as  more  detailed  investigations  and  plans  result  in  identifica- 
tion of  critical  problem  areas  outside  the  expertise  of  existing  team 
members.  Although  participation  by  personnel  from  all  of  the  disciplines 
involved  in  the  planning  effort  will  be  included  in  the  assessment 
process,  continuous  participation  of  all  team  members  is  not  required 
throughout  each  planning  stage.  Therefore,  the  dynamic  nature  of  the 
team  and  the  work  efforts  make  it  imperative  that  detailed  records  and 
documentation  be  kept  throughout  the  planning  effort. 

Assessment  variables 

41.  Selection.  No  single  "best"  list  of  important  assessment 

variables  can  be  developed  that  would  be  applicable  to  all  water  re- 
sources development  studies.  A general  categorization  that  can  provide 
direction  to  the  planning  effort  in  identifying  and  describing  environ- 
mental characteristics  and  conditions  is  presented  in  this  section. 
Additional  discussion  on  the  selection  of  assessment  variables  is  pre- 
sented in  Appendix  C.  Principles  and  Standards  requires  that  signifi- 
cant impacts  of  a proposed  action  on  the  environment  be  measured  and  the 
results  displayed,  or  accounted  for,  in  terms  of  contributions  to  four 
accounts:  National  Economic  Development  (NED),  Environmental  Quality 

(EQ) , Social  Well-Being  (SWB),  and  Regional  Development  (RD) . In  re- 
sponse to  these  requirements,  WRAM  provides  for  the  grouping  of  variables 
associated  with  each  account.  The  impacts  on  each  account  are  then  in- 
dependently predicted,  assessed,  and  evaluated.  This  procedure  enables 
the  relative  impacts  of  alternatives  on  individual  accounts  and  signifi- 
cant trade-offs  between  accounts  to  be  identified  and  displayed. 

42.  The  four  accounts  and  their  major  categories  to  be  considered 
for  all  water  resources  projects  are  shown  in  Table  4.  Critical  vari- 
ables for  Corps  water  resources  planning  applications  are  presented 

for  each  of  the  four  accounts  in  Tables  5-8.  Critical  variables  are 
those  (a)  specifically  identified  for  coverage  by  Corps  regulations 
and/or  (b)  always  impacted  by  water  resources  projects.  Appendix  C 
presents  pertinent  information  on  some  critical  variables,  including 
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Table  4 

Four  Accounts  for  Water  Resources  Project  Planning 


National  Economic 
Development 

Environmental 

Quality 

Social 

Well-Being 

Regional 

Development 

Project  Efficiency 
(maximize  net  eco- 

Terrestrial 

Real  Income  Dis- 
tribution 

Income  Effects 

nomic  benefits) 

Aquatic 

Life,  Health,  and 
Safety 

Employment 

Air 

Educational,  Cultural, 
and  Recreational 

Population  Distribution 
Economic  Base  and  Stabili- 

Human  Inter- 

Opportunities 

ty 

face 

Emergency  Prepared- 
ness 

Demographic  Char- 
acteristics 

Community  Organiza- 
tion 

Other 

Environmental  Effects  of 
Regional  Concern 
Regional  Effects  on  Edu- 
cation , Culture,  and  Rec- 
reation Opportuni t ies 

Table  5 

Critical  Variables  Associated  with  NED  Account* 


I.  Beneficial 

A. 

Increased  output 

i. 

Flood  control 

2. 

Water  supply  (municipal  and  industrial) 

3. 

Irrigation 

4. 

Recreation 

5. 

Navigation 

6. 

Water  quality 

7. 

Power 

8. 

Fisheries  production 

9. 

Other 

B. 

External  economies 

c. 

Value  of  output  from  unemployed  or  underemployed  resources 

II.  Adverse 

A. 

Value  of  construction  and  operation  and  maintenance 

B. 

External  diseconomies 

* All  categories  to  be  measured  in  dollars.  No  weighting  of  individual  categories 
should  be  employed. 


Table  6 

Critical  Variables  Associated  with  EQ  Account 


Terrestrial 


I.  Habitat/Land  Uses 

A.  Habitat  type  (Example:  upland  forest) 

1.  Habitat  subtype  (Example:  pine  forest) 

(a)  Quantity 

(b)  Quality 

2.  Habitat  subtype 

B.  Habitat  type 

II.  Land  Quality/Soil  Erosion 

III.  Critical  Community  Relationships 

IV.  Threatened  and/or  Endangered  Species 

V.  Pests 

Aquatic 

I.  Habitat 

A.  Habitat  type  A 

1.  Habitat  subtype  A1 

(a)  Quantity 

(b)  Quality 

2.  Habitat  subtype  A2 

B.  Habitat  type  B 

II.  Water  Quality 

A.  Physical 

B.  Chemical 

C.  Bacteriological 

III.  Water  Quantity 

IV.  Critical  Community  Relationships 

V.  Threatened  and/or  Endangered  Species 

VI.  Pests 

Air 

I.  Quality 

A.  Gases 

B.  Particulates 
II.  Climatology 

Human  Interface 

I.  Esthetic 
II.  Historical 


III. 


Archeological 


Table  7 


Critical  Variables  Associated  with  SWB  Account 


I.  Real  Income  Distribution 

A.  Income  generated 

B.  Contributions 

II.  Life,  Health,  and  Safety 

A.  Risk 

B.  Pathogens 

C.  Noxious  effects 

III.  Educational,  Cultural,  and  Recreational  Opportunities 

A.  Amenities 

B.  Opportunities 

IV.  Emergency  Preparedness 

A.  Resources 

B.  Spatial  distribution 

V.  Demographic  Characteristics 

A.  Population 

B.  Vital  rates  (migration) 

VI.  Community  Organization 

A.  Cohesion 

B.  Employment  mix 

C.  Displacement 

VII.  Noise 

VIII.  Esthetic  Values 


Table  8 

Critical  Variables  Associated  with  RD  Account 


I.  Income  Effects 

A.  Value  of  outputs 

B.  Value  of  underemployed  or  unemployed  resources 

C.  User  payments 

D.  Increases  from  induced  or  stemming  activities 

E.  Increases  from  construction  and  operation  and  maintenance  activities 

F.  Losses  from  displaced  regional  activities 

G.  Losses  of  assistance  and  welfare 

H.  Indirect  increases  in  public  expenditures 

II.  Employment 

A.  Long-term 

B.  Short-term 

III.  Population  Distribution 

A.  Total  population 

B.  Composition 

IV.  Economic  Base  and  Stability 

V.  Environmental  Effects  of  Regional  Concern 

VI.  Regional  Effects  on  Education,  Cultural,  and  Recreational  Opportunities 


indicators  and  elaboration  of  their  meaning  and  measurement.  The  lists 
of  variables  in  Tables  5-8  and  Appendix  C are  evolutionary  and  subject 
to  continuous  updating  based  on  subsequent  legislation  and/or  regulations, 
experience,  and  the  development  of  additional  impact  prediction  and  as- 
sessment techniques. 

43.  Critical  variables  should  be  addressed  in  every  stage  in  the 
planning  process,  even  if  only  to  indicate  that  they  are  not  impacted. 

It  should  be  noted  that  these  variables  are  subject  to  change  as  a re- 
sult of  new  legislation,  regulations,  and  expanding  knowledge  of  the  im- 
pacts of  water  resources  projects.  Selection  of  the  noncritical  varia- 
bles for  use  in  an  assessment  should  involve  consideration  of  the 
totality  of  the  anticipated  impacts.  Such  variables  should  be  selected 
based  on  the  composite  professional  judgment  of  the  interdisciplinary 
team  and  the  input  of  others  who  are  knowledgeable  and  concerned  about 
resources,  amenities,  and  problems  of  the  area. 

44.  There  are  no  specific  guidelines  regarding  the  number  or  type 
of  noncritical  variables  that  must  be  addressed  in  an  impact  assessment. 
However,  several  questions  can  be  used  to  aid  in  selecting  these  varia- 
bles : 

Will  any  of  the  alternatives  have  an  impact  on  the  variable? 

b^.  Will  the  variable  exert  an  influence  on  construction 
scheduling  or  subsequent  operation  of  any  alternative? 

£.  Is  the  variable  a matter  of  significant  public  concern  or 
controversy? 

d.  Do  certain  cumulative-type  impacts  mandate  inclusion  of  the 
variable? 

45.  The  weighting  portion  of  the  weighted  rankings  technique  can 
also  be  used  by  the  interdisciplinary  team  to  identify  noncritical 
variables  for  inclusion  in  the  analysis.  A list  of  potential  noncritical 
variables  is  prepared  and  subjected  to  the  weighting  procedure  as  de- 
scribed in  paragraph  28.  The  interdisciplinary  team  then  compares  each 
variable  with  every  other  variable  and  assigns  values. 

46.  The  decision  as  to  which  variable  is  more  important  in  each 
pairwise  comparison  should  be  based  on  the  collective  professional 
judgment  of  the  interdisciplinary  team.  Information  gained  through 
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public  participation  and  coordination  with  other  agencies  should  be  a 
major  input  into  the  decision  process,  particularly  in  determining 
relevant  variables  for  the  study  area.  Interactive  or  cross-impact 
variables  can  also  be  considered.  Several  iterations  through  the  pair- 
wise comparisons  may  be  necessary  to  ensure  consistency  in  the  rationale 
used  in  this  application  procedure.  Documentation  of  the  rationale  for 
each  decision  will  be  beneficial  as  the  study  progresses  and  evolves. 
Following  the  development  of  the  RIC's,  the  interdisciplinary  team  could 
choose  to  include  only  the  high-priority  variables  in  the  study,  or  they 
could  include  all  listed  ones  with  less  emphasis  given  to  the  low-priority 
variables. 

47.  Environmental  inventory.  Compiling  baseline  information  on 
assessment  variables  is  necessary  to  form  a basis  for  impact  assessment. 
Sufficient  information  is  required  to  provide  decisionmakers  and  re- 
viewers an  understanding  of  planning  needs,  pertinent  area  character- 
istics, and  relevant  variables  for  consideration  in  plan  formulation  and 
later  impact  assessment  and  evaluation. 

48.  During  the  plan-of-study  stage  (Stage  1)  of  the  planning 
process,  assembling  baseline  information  should  enable  a gross  appraisal 
of  the  study  area.  It  is  anticipated  that  both  the  number  of  variables 
and  the  baseline  information  assembled  would  increase  as  progression  is 
made  through  Stages  2 and  3.  The  weighting  portion  of  the  weighted 
rankings  technique  could  be  used  during  each  stage  to  assist  in  determin- 
ing which  variables  should  be  added  or  deleted. 

49.  During  each  stage  of  the  planning  process,  it  is  necessary  to 
identify  data  deficiencies  and  determine  if  a data-gather ing  program 
needs  to  be  initiated  to  establish  or  refine  baseline  information.  The 
weighting  portion  of  the  weighted  rankings  technique  can  also  be  used 
to  allocate  limited  manpower  and  monetary  resources  to  those  variables 
for  which  data  should  be  collected.  An  example  of  using  the  technique 
for  this  purpose  is  presented  in  Table  9.  In  the  case  illustrated  in 
Table  9,  Q dollars  are  available  for  baseline  studies  and  are  to  be 
allocated  to  five  variables.  As  was  the  case  for  the  example  in 
paragraph  28,  a dummy  variable  (V6)  is  included  to  preclude  the  final 
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assignment  of  an  RIC  of  zero  to  any  variable.  As  was  done  in  the  example 
in  paragraph  28,  pairwise  comparisons  are  used  to  determine  the  RIC's. 

The  RIC  values,  when  multiplied  by  Q dollars,  would  yield  a possible  al- 
location of  monetary  resources  to  baseline  studies  for  variables  V1-V5, 
if  data-collection  costs  are  comparable.  For  example,  VI  would  be  al- 
located 0.20  Q dollars,  V2  would  be  allocated  0.33  Q dollars,  and  so  on. 

50.  Table  9 also  illustrates  how  relative  data-collection  costs 
can  be  incorporated  into  the  monetary  allocation  process.  A column  is 
included  to  show  relative  costs  for  baseline  studies  for  each  variable. 

In  this  example,  baseline  studies  for  V3  would  be  the  most  expensive, 
while  those  for  VI  and  V5  would  be  the  least  expensive.  Multiplying 
these  relative  costs  by  the  RIC's  and  proportioning  the  results  yields 
cost-weighted  RIC  values.  If  these  cost-weighted  RIC's  are  multiplied 
by  Q dollars,  another  possible  allocation  of  monetary  resources  is  ob- 
tained. If  this  calculation  is  performed,  VI  would  be  allocated  0.11  Q 
dollars,  V2  would  be  allocated  0.36  Q dollars,  and  so  on.  Again, 
documentation  of  all  rationale  will  be  useful  as  the  study  progresses 
and  evolves. 

51.  The  allocations  as  determined  by  cost-weighted  RIC's  could  be 
modified  by  considering  interrelationships  among  variables  and  timing  of 
data-collection  efforts.  Although  this  approach  requires  additional 
professional  judgment,  systematic  use  of  the  weighting  portion  of  the 
weighted  rankings  technique  provides  the  interdisciplinary  team  and  the 
study  management  staff  an  analytical  framework  for  allocating  limited 
resources . 

Impact  prediction,  assess- 
ment,  and  evaluation 

52.  WRAM  includes  prediction  and  assessment  of  the  changes  of 
each  alternative  on  each  variable,  and  assessment  of  the  implications 
of  these  predicted  impacts.  Assessment  involves  importance  weighting 

of  variables  and  scaling  of  impacts.  Evaluation  includes  multiplication 
of  scaled  values  by  RIC's  for  each  variable,  and  aggregation  and  pro- 
fessional interpretation  of  the  results.  Both  objective  and  subjective 
activities  are  involved  in  impact  prediction,  assessment,  and  evaluation. 
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53.  Prediction  and  delineation.  Impact  matrices  and  networks  are 
useful  for  identifying  and  displaying  potential  impacts  of  alternatives. 
Qualitative  descriptions  of  impacts  have  been  prepared  for  reservoirs 
(Battelle-Columbus  Laboratories  1974a,  U.  S Environmental  Protection 
Agency  1976a),  channelization  projects  (U.  S.  Environmental  Protection 
Agency  1976b),  and  dredged  material  disposal  (Battelle-Columbus  Labora- 
tories 1974b).  Defining  interrelationships  among  impacted  variables  is 
presently  very  difficult.  In  addition,  precise  delineations  of  second- 
ary impacts  are  generally  not  available. 

54.  The  most  difficult  task  associated  with  impact  assessment  is 
the  prediction  of  impact  magnitude.  Prediction  in  this  context  is  the 
attempt  to  quantify  the  changes  that  will  occur  in  variables.  Prediction 
involves  use  of  currently  available  predictive  models  (physical  and 
mathematical)  and  the  professional  judgment  of  the  interdisciplinary 
team.  Quantitative  predictive  techniques  are  available  for  some  varia- 
bles. For  example,  the  impact  prediction  techniques  described  in  the 
Battelle  Water  Resources  Projects  method  (Battelle-Columbus  Laboratory 
1974a)  and  the  Battelle  Dredging  Impact  Assessment  method  (Battelle- 
Columbus  Laboratories  1974b)  are  primarily  related  to  quantifying  changes 
in  various  physical,  chemical,  and  bacteriological  variables  of  water 
quality.  For  variables  that  have  no  scientifically  based  predictive 
techniques,  the  exercise  of  sound  professional  judgment  by  the  inter- 
disciplinary team  is  critical  for  impact  prediction.  Development  of 
additional  predictive  techniques  is  considered  to  be  beyond  the  scope  of 
this  study. 

55.  Regardless  of  whether  objective  prediction  techniques  or  sub- 
jective judgments  are  used  to  predict  impacts,  the  interdisciplinary 
team  must  be  cognizant  of  the  accuracy  of  the  results.  Predictions  of 
impacts  will  always  have  risk  and  uncertainty,  and  the  interdisciplinary 
team  must  consider  these  in  all  eventual  trade-off  analyses. 

56.  Other  considerations  in  impact  delineation  are  related  to 
type  of  effect,  location,  timing,  duration,  probability,  and  reversi- 
bility. These  are  defined  as  follows: 

a.  Type  of  effect.  Type  I effects  are  direct,  unavoidable 
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consequences  of  alternative  plans  and  the  no-action  alterna- 
tive. Type  II  impacts  are  consequences  directly  related  to 
the  intended  output  of  alternative  plans.  Type  III  impacts 
include  related  induced  consequences  (ER  1105-2-440). 

j).  Location.  The  location  is  the  area  expected  to  be  affected 
by  the  plan,  whether  within  the  planning  area,  the  remainder 
of  the  study  area,  a larger  area  affected  by  the  plan,  or 
the  rest  of  the  Nation. 

£.  Timing.  The  timing  is  the  period  during  which  the  impact 
is  expected  to  occur. 

ci.  Duration.  The  duration  is  the  length  of  time  the  impact 

will  affect  the  location.  Short  duration  is  1-10  yr,  while 
long  duration  is  10  yr  and  beyond. 

£.  Probability.  Probability  is  a numerical  expression,  not 
necessarily  mathematically  computed,  that  represents 
technical  knowledge  and  professional  judgment  as  to  the 
likelihood  of  occurrence. 

f_.  Reversibility.  The  impact  is  irreversible  or  reversible. 

57.  Weighting  and  scaling.  Two  requirements  must  be  met  before  an 
impact  assessment  can  be  completed.  First,  RIC's  must  be  assigned  to 
each  assessment  variable  used;  secondly,  the  impacts  of  the  alternatives 
on  each  variable  must  be  scaled. 

58.  The  weighting  portion  of  the  weighted  rankings  technique  is 
used  in  WRAM  for  the  purpose  of  assigning  importance  weights  to  varia- 
bles. An  example  of  the  assignment  of  RIC’s  was  presented  in  para- 
graph 28.  The  number  of  assessment  variables  will  probably  change  during 
the  planning  process  as  increased  information  becomes  available  and  as 
new  plans  are  formulated.  For  example,  the  number  of  variables  used  in 
Stage  1 will  most  likely  be  fewer  than  the  number  used  in  Stages  2 and  3. 
In  addition,  the  quantity  and  quality  of  baseline  data  and  predicted 
changes  will  be  refined  during  the  planning  process.  Accordingly,  it 
may  be  necessary  to  adjust  the  RIC's  for  assessment  variables  during  the 
planning  process. 

59.  In  order  to  assign  importance  weights  through  use  of  the 
weighted  rankings  technique,  it  is  necessary  to  make  the  initial  al- 
location among  the  broad  categories  within  a given  account;  for  example, 
among  the  terrestrial,  aquatic,  air,  and  human  interface  categories 
within  the  EQ  account.  A second  allocation  would  be  made  to  the 
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subcategories  within  each  category,  for  example,  between  air  quality  and 
climatology  in  the  air  category.  Additional  allocations  would  be  to 
individual  variables. 

60.  Impact  scaling  can  be  accomplished  by  one  of  three  approaches: 
(1)  use  of  the  scaling  portion  of  weighted  rankings  technique  (presented 
in  Table  2);  (2)  use  of  functional  curves  and  proportioning  of  resulting 
scaled  impacts;  and  (3)  use  of  linear  scaling  and  proportioning  of  re- 
sulting scaled  impacts.  An  example  presented  in  Appendix  D illustrates 
the  mechanics  of  scaling  and  weighting. 

61.  Figure  4 illustrates  the  use  of  functional  curves  for  scaling. 
The  range  of  potential  values  (a  to  b)  for  the  Variable  M is  shown  on  the 
X-axis.  The  Y-axis  values  range  from  0,  which  is  representative  of  the 
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Figure  4.  Concept  of  scaling 
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least  desirable  quality,  to  1,  which  is  representative  of  the  most  de- 
sirable quality.  The  functional  relationship  depicted  between  a varia- 
ble and  the  quality  index  is  based  on  technical  evidence  and/or  the  col- 
lective professional  judgment  of  the  interdisciplinary  team.  Functional 
curves  such  as  the  one  shown  in  Figure  4 would  be  used  to  determine  the 
quality  index  for  the  current  conditions  of  the  variable  and  predicted 
conditions  resulting  from  the  alternatives.  For  example,  for  the  values 
of  the  variable  shown  in  Figure  4,  the  quality  index  for  each  alterna- 
tive is  illustrated  in  the  following  tabulation. 


Condition  or 
Alternative 

Variable 

Measurement 

Quality 

Index 

Proportioning 

ACC* 

Baseline 

0.3  (b 

-a) 

0.4 

— 

— 

No  action 

0.2 

0.3 

0.3/2. 5 

0.12 

A 

0.7 

0.9 

0.9/2. 5 

0.36 

B 

0.3 

0.4 

0.4/2. 5 

0.16 

C 

0.5 

0.7 

0.7/2. 5 

0.28 

D 

0.1  1 

0.2 

0.2/2. 5 

0.08 

Total 

2 . 5** 

1.00 

| i * To  maintain  comparability,  ACC  values  must  sum  to  unity. 

! I **  Excludes  baseline  condition. 


62.  The  straight  line  in  Figure  4 represents  a straight-line 
functional  relationship.  Functional  relationships  can  be  represented  by 
continuous  functions  (Figure  5a),  discontinuous  or  step  functions 
(Figure  5b),  threshold  functions  (Figure  5c),  or  optimum  area  curves 
(Figure  5d) . Examples  of  functional  relationships  for  several  assess- 
ment variables  are  also  shown  in  Appendix  C.  A few  functional  relation- 
ships shown  in  Appendix  C can  be  used  directly.  However,  most  will  re- 
quire modification  by  the  interdisciplinary  team  to  reflect  regional  or 
area  differences.  Documentation  of  the  rationale  for  any  changes  should 
be  developed  during  the  planning  process.  If  variables  are  used  for 
which  no  function  graphs  exist,  the  interdisciplinary  team  can  develop 
function  graphs  through  use  of  laboratory  or  field  testing,  literature 
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reviews,  and  professional  judgment. 

63.  Another  technique  of  scaling  the  impacts  of  alternatives  on  a 
variable  is  to  use  linear  scaling  between  the  largest  and  smallest  im- 
pacts. An  example  using  this  technique  is  shown  in  the  following  tabula- 
tion. Quantitative  information  on  impacts  is  necessary  for  linear 
scaling.  In  the  tabulation,  the  impacts  are  scaled  by  proportioning  be- 
tween the  most  beneficial  alternative  (Plan  A)  and  the  most  detrimental 
one  (Plan  C) . 


Alternative 

Variable 

Measurement* 

Assignment  of  Index  Value** 

Proportioning 

ACC+ 

No  action 

-1000 

[-1000  - (-3000)1/8000  - 0.25 

0.25/1.63 

0.16 

A 

+5000 

[5000  - (-3000)1/8000  = 1.00 

1.00/1.63 

0.61 

B 

No  change 

(0  - (-3000)1/8000  = 0.36 

0.38/1.63 

0.23 

C 

-3000 

[-3000  - (3000)1/8000  = 0.00 

0.00/1.63 

0.00 

Total  1.63 

1.00 

* For  example,  predicted  change  in  acres  of  desirable  habitat. 

. , . ...  Variable  Measurement  - Minimum  Variable  Measurement 

**  Assignment  of  Index  Values  = — r— - - — — t-z r. 

Range  between  Max  and  Min  Variable  Measurements 

t To  maintain  compatibility,  ACC  values  must  sum  to  unity. 


64.  Evaluation  and  interpretation  of  results.  The  final  WRAM 
activity  in  weighting  and  scaling  involves  the  development  of  a final 
coefficient  matrix.  The  features  of  this  matrix  were  described  in 
paragraph  33.  It  should  be  noted  that  even  though  this  methodology  in- 
volves the  use  of  a numerical  system  for  both  weighting  and  scaling, 
there  is  no  intrinsic  passing  or  failing  score.  The  numerical  informa- 
tion in  the  final  coefficient  matrix  must  be  subjected  to  professional 
analysis  and  interpretation  by  the  interdisciplinary  team. 

65.  It  is  also  possible  to  use  the  weighted  rankings  technique 
for  comparative  evaluation  of  the  four  major  accounts.  This  would  in- 
volve assigning  importance  weights  (RIC's)  to  the  four  accounts  and 
scaling  each  alternative  relative  to  each  of  the  accounts.  An  example 
using  the  weighted  rankings  technique  is  presented  in  Tables  10-12. 
Table  10  shows  RIC's  for  the  alternatives  relative  to  the  EQ,  NED,  SWB, 
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and  RD  accounts.  Table  11  shows  impact  information  for  the  four  major 
accounts.  These  values  were  developed  based  on  consideration  of  the  EQ 
and  NED  accounts  as  having  equal  importance,  and  the  SWB  and  RD  accounts 
as  having  equal  importance  but  less  than  the  EQ  or  NED  accounts. 

Table  12  presents  the  ACC's  for  each  account  derived  from  the  information 
in  Table  11  using  weighted  rankings  (the  ACC's  could  also  be  derived  by 
linear  proportioning  of  the  scores  from  each  account's  final  coefficient 
matrix).  The  following  is  the  final  coefficient  matrix  based  on 
Tables  10-12.  In  this  example,  the  no-action  alternative  is  the  most 
desirable  alternative,  followed  by  Plan  C. 


Final  Coefficient  Matrix 

ACC  of 

Plan 

of  Plan,  RIC  x ACC 

No 

No 

Account 

RIC 

Action 

A 

B 

C 

Action 

A 

B 

C 

EQ 

0.35 

0.50 

0.00 

0.33 

0.17 

0.18 

0.00 

0.11 

0.06 

NED 

0.35 

0.33 

0.50 

0.00 

0.17 

0.11 

0.18 

0.00 

0.06 

SWB 

0.15 

0.17 

0.33 

0.00 

0.50 

0.02 

0.05 

0.00 

0.08 

RD 

0.15 

0.33 

0.00 

0.17 

0.50 

0.05 

0.00 

0.02 

0.08 

Total 

0.36 

0.23 

0.13 

0.28 

Documentation  of  results 

66.  The  final  component  in  WRAM  is  documentation  of  the  analysis. 
Documentation  involves  describing  the  rationale  used  to  select  the 
variables  considered  in  the  three  planning  stages,  identify  and  predict 
impacts,  and  assign  importance  weights  to  variables  and  scale  impacts. 
This  documentation  also  needs  to  address  limitations  in  the  process  as 
well  as  the  uncertainties  associated  with  impact  prediction.  It  is 
important  to  specify  the  scaling  technique  used  for  each  variable, 
particularly  if  an  existing  functional  curve  is  modified  or  a new  re- 
lationship developed. 

67.  Documentation  of  the  analysis  should  include  proper  refer- 
encing. Lack  of  referencing  may  form  the  basis  for  criticisms  of  an 
analysis  that  has  been  accomplished.  In  conjunction  with  referencing, 
it  may  be  desirable  to  identify  general  references  and  specific  sources 
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Table  10 

RIC's  for  Four  Accounts* 


* The  values  developed  were  based  on  the  WES  team's  interpretation  of 
philosophy  of  Principles  and  Standards;  i.e.,  considering  EQ  and  NED 
of  equal  importance,  and  SWB  and  RD  of  equal  importance  but  less 
important  than  EQ  or  NED. 


Table  11 

Impact  Information  for  Comparison 
of  Alternatives 


A1  ternative 

Account 

No  Action 

Plan  A 

Plan  B 

Plan  C 

EQ 

Most 

Most 

Benef icial 

Adverse 

benef ic ial 

adverse 

NED 

Benef icial 

Most 

Most 

Adverse 

beneficial 

adverse 

SWB 

Adverse 

Benef icial 

Most 

Most 

adverse 

beneficial 

RD 

Benef icial 

Most 

Adverse 

Most 

adverse 

benef icial 
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of  information.  Detailed  information  should  appropriately  be  included 
in  appendixes  along  with  specific  impact  calculations,  with  only  summary 
tables  included  in  the  text. 

68.  An  important  use  of  the  documentation  of  the  analysis  is  the 
determination  of  whether  an  environmental  impact  statement  is  required, 
as  well  as  to  supply  information  for  potential  use  in  other  documents 
that  may  be  associated  with  the  study  (e.g.,  environmental  assessment 
report,  survey  report,  and  general  design  memorandum). 


— _ — 


PART  IV:  CONCLUSIONS  AND  RECOMMENDATIONS 


Conclusions 


69.  A review  of  54  impact  assessment  methodologies  revealed  that 
none  are  sufficiently  comprehensive  for  or  directly  applicable  to  Corps 
water  resources  projects  and  programs.  However,  salient  features  con- 
tained in  eight  of  the  methodologies  were  considered  pertinent  for  in- 
clusion in  WRAM.  The  concept  of  weighting  impacted  variables  and  scaling 
the  impacts  of  alternatives  is  particularly  appropriate  since  a major 
difficulty  in  assessment  is  an  inability  to  evaluate  impacts  on  a 
comparable  basis.  Through  the  use  of  weighting  and  scaling  (weighted 
ranking  technique) , an  interdisciplinary  team  cognizant  of  the  study  area 
needs,  planning  objectives,  and  public  preferences  can  assess  variables 
and  evaluate  alternatives  on  a comparable  basis. 

70.  Limitations  in  the  state  of  the  art  of  impact  assessment  are 
reflected  in  WRAM.  Primary  limitations  include  identification  of  inter- 
relationships between  environmental  variables,  delineation  of  secondary 
and  tertiary  effects,  and  prediction  of  impact  magnitude.  Additional 
research  on  the  development  of  functional  graphs  and  on  techniques  for 
predicting  changes  in  variables  and  impacts  of  alternatives  is  required. 
The  dynamic  character  of  WRAM  will  allow  the  incorporation  of  new  infor- 
mation and  technology  as  it  becomes  available.  Considerable  research 
and  development  will  be  required  to  develop  predictive  models  for  vari- 
ables that  must  be  considered  in  impact  assessment  and  more  specific 
techniques  that  address  secondary,  tertiary,  and  cumulative  impacts. 

These  areas  will  be  investigated  in  research  studies  to  be  conducted 
over  the  next  four  years. 

71.  In  contrast  to  the  limitations  described  above,  WRAM  has  the 
following  advantages: 

a.  Addresses  the  requirements  of  Principles  and  Standards  to 
consider  two  national  objectives,  NED  and  EQ,  and  to  dis- 
play beneficial  and  adverse  effects  of  each  plan  relative 
to  four  accounts,  i.e.,  NED,  EQ,  RD,  and  SWB. 
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_b.  Provides  a framework  that  assists  the  decisionmaking  pro- 
cess based  on  professional  judgment  supported  by  available 
data,  recognizing  that  decisions  must  often  be  nude  without 
complete  information. 

£.  Incorporates  an  interdisciplinary  approach  for  the  identi- 
fication, assessment,  and  evaluation  process. 

cj.  Provides  a framework  for  screening  variables,  identifying 
data  needs,  and  allocating  limited  planning  resources. 

e_.  Allows  for  various  levels  of  detail  to  be  used  and  deci- 
sions made,  during  the  stages  in  the  planning  process. 

Recommendations 

72.  Because  this  is  an  interim  report,  the  purpose  of  the  recom- 
dations  is  to  identify  the  following  research  areas  that  require  further 
development,  testing,  and  evaluation: 

£.  WRAM  should  be  field  tested  on  several  types  of  water 
resources  projects. 

_b.  A statistical  package  for  testing  the  significance  of  the 
differences  between  the  weighted-scaled  values  for  alterna- 
tives should  be  developed. 

£.  A computer  program  for  use  of  the  weighted  rankings  tech- 
nique should  be  developed. 

d.  A training  course  based  on  WRAM  should  be  presented  to 
District  personnel  prior  to  their  use  of  WRAM. 
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posed revision,  40  F.R.  41636,  8 September  1975). 

7.  ER  1105-2-12,  Archeological  Investigations  and  Salvage  Activities, 
15  May  1972  (proposed  revision,  40  F.R.  41636,  8 September  1975). 

8.  ER  1105-2-13,  Aquatic  Plant  Control  Programs,  31  May  1972. 
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10.  ER  1105-2-105,  Guidelines  for  Assessment  of  Economic,  Social,  and 
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11.  ER  1105-2-129,  Preservation  and  Enhancement  of  Fish  and  Wildlife 
Resources,  15  August  1973. 

12.  ER  1105-2-509,  Statement  of  Findings  on  Impacts  of  Civil  Works 
Actions,  9 October  1973. 

13.  ER  1130-2-407,  Operating  and  Testing  Potable  Water  Systems, 

18  January  1974. 

14.  ER  1105-2-507,  Preparation  and  Coordination  of  Environmental  State- 
ments (33  CFR  209.410),  15  April  1974. 

15.  ER  1105-2-508,  Review  of  Environmental  Impact  Statements  Prepared 
by  Other  Agencies,  6 May  1974. 

16.  ER  1130-2-405,  Use  of  Off-Road  Vehicles  on  Civil  Works  Projects, 

17  January  1974. 

17.  ER  1105-2-14,  Framework  and  River  Basin  Study  Programs  (Level  A 
and  Level  B Studies),  28  July  1975. 

18.  ER  1105-2-200,  Planning  Process:  Multiobjective  Planning  Framework 

(33  CFR  290),  10  November  1975. 

19.  ER  1105-2-210,  Planning  Processes:  Plan  Development  Stages 

(33  CFR  291),  10  November  1975. 
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20.  ER  1105-2-220,  Planning  Processes:  Problem  Identification  (Task  1) 

(33  CFR  292),  10  November  1975. 

21.  ER  1105-2-230,  Planning  Processes:  Formulation  of  Alternatives 

(Task  2)  (33  CFR  293),  10  November  1975. 

22.  ER  1105-2-240,  Planning  Processes:  Impact  Assessment  (Task  3) 

(33  CFR  294),  10  November  1975. 

23.  ER  1105-2-250,  Planning  Processes:  Evaluation  (Task  4) 

(33  CFR  295),  10  November  1975. 

24.  ER  1105-2-921,  Feasibility  Reports:  System  of  Accounts 

(33  CFR  393),  10  November  1975. 

25.  ER  1105-2-421,  Environmental  Considerations:  Inventories  and 

Monitoring,  December  1976. 

26.  ER  1105-2-430,  Environmental  Considerations:  Formulation  of 

Alternatives,  December  1976. 

27.  ER  1105-2-440,  Environmental  Considerations:  Impact  Assessment 

Alternative  Plans,  December  1976. 

28.  ER  1105-2-450,  Environmental  Considerations:  Evaluation  of  Al- 

ternative Plans,  December  1976. 
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Nineteen  evaluation  factors  or  selection  criteria  were  used  to 
screen  the  various  impact  methodologies  listed  in  this  appendix.  These 
factors,  stated  in  the  form  of  questions,  follow: 

1.  Does  it  identify  environmental  items? 

2.  Does  it  identify  potential  impacts? 

3.  Does  it  tell  how  to  measure  impacts? 

4.  Is  it  able  to  predict  potential  impacts  (short-term  and  long- 
term) ? 

5.  Can  it  interpret  the  impacts? 

6.  Is  it  responsive  to  Corps  environmental  guidelines? 

7.  Is  it  practical  for  use  in  routine  field  cases  (i.e.,  cost, 
ease  of  manipulation,  data  requirements)? 

8.  Is  there  flexibility  built  in  the  system  so  that  it  can  be 
used  for  different  types  of  projects  (i.  e.,  construction, 
operation  and  maintenance,  flood  control,  etc.)? 

9.  Is  the  system  reliable? 

10.  Does  it  highlight  major  or  key  issues? 

11.  Does  it  tell  how  to  determine  predicted  change  or  impact 
(i.e.,  scale  or  magnitude)? 

12.  How  applicable  is  the  methodology  to  projects  of  widely  dif- 
ferent scale? 

13.  Is  there  potential  for  public  involvement? 

14.  What  is  the  degree  of  objectivity  versus  subjectivity? 

15.  Does  it  display  trade-offs? 

16.  What  are  the  attractive  features  for  Corps  projects? 

17.  What  special  skills  are  required  of  users  of  the  method? 

18.  What  are  the  limitations  of  the  methodology? 

19.  Are  examples  available  that  document  its  successful  use? 
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communities.  Prepared  by  Highway  Research  Section,  Engineering 
Research  Division,  Washington  State  University,  for  Washington 
State  Department  of  Highways. 
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dissertation.  University  of  Pennsylvania,  Philadelphia,  Pa. 

23.  Hucting,  R.  1974.  A statistical  system  for  estimating  the  de- 
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APPENDIX  C:  A LIST  OF  VARIABLES  FOR 

CONSIDERATION  IN  DETERMINING  POTENTIAL 
IMPACTS  OF  WATER  RESOURCES  PROJECTS 
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Introduction 


Included  in  this  appendix  are  examples  of  variables  or  indicators 
associated  with  the  National  Economic  Development  (NED),  Environmental 
Quality  (EQ),  Social  Well-Being  (SWB) , and  Regional  Development  (RD) 
accounts.  This  list  is  not  considered  to  be  all-inclusive,  nor  is  it 
meant  to  be  such.  The  Final  Report,  to  be  published  after  this  meth- 
odology is  field  tested,  will  include  a comprehensive  list  and  descrip- 
tion of  factors  to  be  considered  by  planners  and  decisionmakers.  In 
this  Interim  Report,  however,  several  examples  of  variables  for 
each  account  are  presented  with  their  definitions  and  suggestions  for 
measurement.  The  structure  of  each  account  is  shown  in  Figures  1-4, 
respectively,  preceding  the  examples  of  the  variables  for  each  account. 
A table  of  factors  for  converting  metric  (SI)  units  of  measurement  to 
U.  S.  customary  units  and  U.  S.  customary  units  to  metric  (SI)  units  is 
given  on  page  7. 

It  should  be  recognized  that  as  the  state  of  the  art  in  impact 
assessment  advances,  the  variables  used  and  methods  of  measurement  and 
prediction  may  also  change.  Consequently,  this  appendix  will  require 
periodic  revision. 
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WATER  SUPPLY 

IRRIGATION 

RECREATION 

NAVIGATION 

WATER  QUALITY 

POWER 

COMMERCIAL 
FISHING  ENHANCEMENT 

OTHER 


ADVERSE 


VALUE  OF  RESOURCES  FOR  CONSTRUCTION 
AND  OPERATION  AND  MAINTENANCE 

EXTERNAL  DISECONOMIES 


Cl.  Structure  of  the  National  Economic  Development  account 
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Account : 


National  Economic  Development 


Category:  Beneficial 

Subcategorv : Increased  Output 

Variable:  Flood  Control 


Definition  and  Measurement 

Flood-control  benefits  are  defined  as  an  increase  in  the  produc- 
tivity of  land  or  a reduction  in  the  cost  of  using  land  resources 
through  implementation  of  a floodplain  management  plan.  NED  benefits 
are  categorized  according  to  their  effect  on  activities  such  as  inunda- 
tion reduction  benefits  (including  soil  erosion  and  sedimentation), 
location  benefits,  or  intensification  benefits. 

Functional  Curve  and  Rationale 


None  to  be  used.  All  NED  benefits  are  to  be  measured  in  dollars. 


Prediction  of  Impacts 

Floodplain  zoning  could  have  a significant  beneficial  NED  impact 
by  (a)  helping  to  ensure  that  efficient  and  proper  use  is  made  of 
flood-prone  lands;  (b)  preventing  large  flood  damages  that  would  occur 
if  unsuitable  development  were  to  occur;  (c)  eliminating  or  sharply 
reducing  the  need  for  local,  State,  and  Federal  relief  expenditures  in 
the  event  of  floods;  (d)  eliminating  or  sharply  reducing  the  cost  of 
constructing  large-scale  floodwater  control  works  that  sometimes  merely 
transfer  damages  to  another  area;  and  (e)  preserving  and  enhancing  the 
recreation  and  fish  and  wildlife  values  of  the  region  or  area  involved. 

Remarks 


From  Principles  and  Standards  (Water  Resources  Council  1973)  and 
Bureau  of  Reclamation  (1972).  See  CE  ER  1105-2-351  and  Soil  Conserva- 
tion Service  Economics  Guide  (especially  Chapter  5,  "Erosion  and 
Sediment,"  Soil  Conservation  Service  1964). 


C6 


Account : 


National  Economic  Development 
Category : Beneficial 

Subcategory : External  Economies 

Definition  and  Measurement 


Increased  output  of  individual  firms  or  industries  directly  af- 
fected by  a plan  may  enable  related  firms  or  industries  to  take  ad- 
vantage of  more  efficient  production  techniques,  or  may  indirectly 
affect  consumers.  Such  productivity  changes  or  technological  external 
economies  can  be  attributed  as  a benefit  to  a plan.  For  xample,  higher 
levels  of  output  by  directly  affected  firms  may  enable  subsequent  pro- 
cessing firms  to  use  more  efficient  processing  techniques  and  thereby 
release  resources  for  use  in  producing  other  goods  and  services  or 
permit  the  higher  level  of  output  to  be  processed  with  no  additional 
resources . 

Functional  Curve  and  Rationale 


None  to  be  used.  All  NED  benefits  to  be  measured  in  dollars. 
Prediction  of  Impacts 

Present  techniques  are  not  well  developed  for  measuring  the  bene- 
ficial effects  accruing  from  external  economies.  However,  in  situations 
where  it  is  thought  that  the  increased  output  of  final  consumer  goods 
or  intermediate  goods  used  by  direct  users  can  be  expected  to  increase 
the  productivity  or  output  of  related  firms,  an  attempt  should  be  made 
to  measure  the  net  income  change  resulting  from  such  externalities. 

When  this  is  done,  the  methodology  should  be  carefully  documented  in 
the  report. 

Remarks 


From  Principles  and  Standards  (Water  Resources  Council  1973).  See 
also  Bureau  of  Reclamation  (1972). 
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ACCOUNT 


CATEGORY 


SUBCATEGORY 


VARIABLE 


TERRESTRIAL 


HABITAT  TYPE 

CRITICAL  COMMUNITY 
RELATIONSHIPS 


GEOLOGICAL  

THREATENED  AND 
ENDANGERED  SPECIES 

PESTS 


HABITAT  SUBTYPE  A 
HABITAT  SUBTYPE  B 


EROSION 
SOIL  TYPE 
MINERALS 


EQ 


AQUATIC 


HABITAT  TYPE 

CRITICAL  COMMUNITY 
RELATIONSHIPS 


HABITAT  SUBTYPE  A 
HABITAT  SUBTYPE  B 


WATER  QUALITY 


CHEMICAL 

PHYSICAL 

BIOLOGICAL 


WATER  QUANTITY 

THREATENED  AND 
ENDANGERED  SPECIES 

PESTS 


AIR 


QUALITY  

CLIMATOLOGY 


PHYSICAL 

CHEMICAL 


HUMAN 

INTERFACE 


HISTORICAL 

ARCHEOLOGICAL 

ESTHETICS  

LAND  USE 


AQUATIC 

TERRESTRIAL 


Figure  C2.  Structure  of  the  Environmental  Quality  account 
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Account : 


Environmental  Quality 


Category:  Human  Interface 

Subcategory : Esthetics  (Biota) 

Variable:  Diversity  of  Vegetation  Types 

Definition  and  Measurement 

The  esthetic  quality  of  a site  is  a function  of  its  types  of  vege- 
tation and  the  proportions  of  the  different  types  to  one  another. 

Trees  are  generally  considered  the  most  visually  pleasing  vegeta- 
tion type,  and  cultivated  (irrigated)  crops  slightly  less  so.  Low 
shrubs,  grass,  and  dry  farming  are  collectively  rated  somewhat  lower 
than  these,  and  the  absence  of  vegetation  is  considered  the  least  pleas- 
ing. Diversity  rather  than  uniformity  is  desirable;  for  example,  land 
predominantly  in  trees,  but  with  a mixture  of  vegetation  types,  is  rated 
higher  than  land  with  a 100-percent  tree  cover.  Measurement  involves 
determining  the  proportion  of  trees,  crops,  shrubs  and  grasses,  and  no 
vegetation  in  the  project  area. 

Functional  Curve  and  Rationale 


DIVERSITY  OE  VEGETATION  TYPES 


NOTE:  EVALUATE  TO  APPROX.  1/2  MILE  HORIZONTALLY 
BEYONO  SHORELINE  OF  PROPOSED  RESERVOIR. 

WHERE  TYPES  ARE  EQUAL  AND  THERE  IS  NO 
PREDOMINANCE,  USE  HIGHEST  CATEGORY. 

PREDOMINATING  VARIETIES: 

TYPE  1 NO  vegetation 
type  2 low  shrubs,  grass,  dry  farming 
type  3 cultivated  (irrigated)  crops 
Type  4 TREES 
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Prediction  of  Impacts 


To  rate  a particular  site  on  diversity  of  vegetation  types,  only 
one  of  the  four  sections  of  the  value  function  is  used.  The  evaluator 
chooses  the  one  labeled  with  the  type  of  vegetation  that,  in  his  judg- 
ment, predominates  on  the  site.  For  example,  if  the  plant  cover  is 
45  percent  low  shrubs,  grass,  or  dry  farming;  35  percent  trees;  and 
20  percent  unvegetated,  the  curve  corresponding  to  vegetation  type  2 is 
used.  (Percentages  should  be  estimated.) 

If  two  or  more  vegetation  types  on  the  land  to  be  evaluated  are 
equally  distributed,  the  curve  corresponding  to  the  highest  category  of 
plant  material  present  is  used.  In  other  words,  if  the  plant  cover 
were  one-third  grass  and  one-third  both  trees  and  cultivated  crops,  then 
the  type  4 curve  would  apply. 

The  proportion  of  vegetation  types  on  the  site  other  than  the  pre- 
dominating type  is  determined.  Different  types  interspersed  on  the  same 
area  of  land  requires  careful  judgment.  The  greater  the  amount  of  vege- 
tation other  than  that  of  the  predominating  type,  the  higher  the  rating. 

Here  again,  judgment  must  be  exercised.  For  example,  if  culti- 
vated crops  predominate  on  a site  and  trees  cover  the  remaining  land, 
the  site  should  be  given  a higher  rating  than  an  area  where  cultivated 
crops  predominate  and  the  rest  is  in  grass  or  dry  farming.  The  evalua- 
tor should  take  into  account  the  different  values  of  the  nonpredominat- 
ing vegetation  types. 

Remarks 


From  Battelle  Environmental  Evaluation  System  (Dee  et  al.  1972). 
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Account : Environmental  Quality 

Category:  Human  Interface 

Subcategory:  Esthetics  (Water) 

Variable:  Wooded  and  Geologic  Shoreline 

Definition  and  Measurement 


Sand,  gravel,  and  rock  are  generally  considered  the  most  visually 
pleasing  geologic  materials  for  the  edge  of  a stream  or  lake,  while  un- 
vegetated fine  soil  or  mud  usually  detracts  from  the  scene.  The  presence 
and  abundance  of  trees  and  shrubs  near  the  shore  provide  a textured 
vertical  element  to  define  the  shoreline,  creating  a more  interesting 
interface  between  land  and  water. 

Functional  Curve  and  Rationale 


MUD  20%  SAND  50"  SAND  100"  SAND 

GRAVEL  GRAVEL  GRAVEL 

ROCK  ROCK  ROCK 

GEOLOGIC  INTERFACE 
APPROX  200  - S00  FT  FROM  WATER 

Both  the  wooded  and  the  geologic  aspects  of  the  shoreline  are 
measured  in  the  value  function.  Although  percentages  are  stated  for  the 
amounts  of  wooded  and  geologic  shoreline,  these  percentages  should  be 
estimated  by  the  evaluator. 
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Prediction  of  Impacts 

No  predictive  models  are  available. 

Remarks 

From  Battelle  Environmental  Evaluation  System  (Dee  et  al.  1972). 
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Account : 


Environmental  Quality 
Category:  Terrestrial 

Subcategory : Threatened  and  Endangered  Species 

Definition  and  Measurement 


Species  that  are  uncommon,  threatened,  or  endangered  are  particu- 
larly sensitive  to  changes  in  the  quality  of  the  environment.  A means 
for  assessing  the  change  in  population  of  any  species  within  the  project 
boundaries  is  needed  to  determine  the  environmental  impact  of  proposed 
projects.  Measurement  involves  consideration  of  the  extent  to  which  the 
species  is  threatened  or  endangered. 

Functional  Curve  and  Rationale 


The  quality  index  decreases  as  the  extent  to  which  the  species  is 
threatened  or  endangered  increases.  The  status  of  a species  is  classi- 
fied as  one  of  six  categories,  each  of  which  is  assigned  a weight: 


Category Weight 

Common  10 
State  endemic  9 
U.  S.  endemic  7 
State  threatened  5 
U.  S.  threatened  3 
Endangered  1 
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State  endemic  species  are  those  found  only  in  a single  area  within  the 
state,  although  they  may  be  found  in  other  states.  They  are  common  in 
that  one  location  where  they  are  found.  A species  classified  as  state 
threatened  or  endangered  may  occur  in  several  locations  within  the 
state,  but  the  total  numbers  of  the  species  are  small.  It  may  be  found 
in  greater  numbers  in  other  states.  The  least  common  category  (smallest 
weight)  found  within  the  project  boundaries  is  used  as  the  value  for 
the  variable  even  if  higher  categories  are  also  found: 

Variable  _ Weight  of  lowest 
estimate  (least  common)  species 

For  example,  if  both  an  endangered  species  and  a U.  S.  endemic  species 
occur,  the  value  of  the  lowest  category,  1,  is  used.  In  cases  where 
there  are  more  than  one  species  within  the  lowest  category,  an  addi- 
tional classification  system  is  used: 

3 state  endemics  = 1 U.  S.  endemic 
3 U.  S.  endemics  = 1 state  threatened 
3 state  threatened  = 1 U.  S.  threatened 
3 U.  S.  threatened  = 1 endangered 

For  example,  if  the  lowest  category  within  the  boundaries  is  the  state 
threatened  and  it  contains  two  species,  the  variable  value  by  interpola- 
tion would  be  4.  If  there  were  three  species  in  this  category,  the  vari- 
able would  equal  3.  In  order  to  predict  the  impact  of  the  proposed 
project,  both  the  direct  and  indirect  effects  on  these  species  must  be 
examined.  Construction  may  directly  destroy  individuals  or  may  damage 
their  habitats,  thus  altering  breeding  success  or  some  other  critical 
life  component. 

Remarks 


From  Battelle  Environmental  Evaluation  System  (Dee  et  al.  1972). 


Account : 


Environmental  Quality 


Category : Aquatic 

Subcategory : Water  Quality 

Variable:  Water  Temperature 

Definition  and  Measurement 


Water  temperature  is  important  primarily  because  of  the  sensi- 
tivity of  fish  and  aquatic  life  to  temperature  changes.  Although  each 
species  has  an  optimum  temperature  range,  aggregate  temperature  effects 
are  best  handled  not  in  terms  of  temperature  per  se,  but  in  terms  of 
the  magnitude  of  departure  from  natural  conditions. 

Functional  Curve  and  Rationale 


-10  -5  o +5  +10  +15 


DEPARTURE  PROM  EQUILIBRIUM.  C 

The  National  Sanitation  Foundation  (NSF)  value  functions  for  tem- 
perature are  shown  in  the  functional  curve.  In  accord  with  observations 
for  most  fish,  both  value  functions  imply  less  serious  effects  for 
temperature  changes  that  cool  the  natural  environment  than  for  those 
that  warm  it. 

Prediction  of  Impacts 

Temperature  prediction  in  rivers  and  estuaries  involves  a complete 
heat  balance  of  the  body  of  water,  which  accounts  for  all  heat  initially 
present  in  the  water  and  all  heat  that  flows  into  and  out  of  the  water 


body  during  an  interval  of  time.  The  general  time  rate  of  temperature 
change  is  given  by  Raphael  (1962): 


dt  Q A + m . ( t . - t ) 

w _ t 1 1 w 

d6  m 

w 

where 

t = river  water  temperature 
6 = time 

Q = total  net  heat  transfer/area 
A = area 

m.  = inflow  mass  of  water 

l 

t ^ = inflow  temperature  of  water 

m = river  water  mass 
w 

The  output  of  the  model  is  a temperature  profile  of  the  stream. 
The  primary  input  data  are  (a)  water  body  dimensions,  (b)  flow  and 
temperature  characteristics,  and  (c)  climatological  and  weather  data. 

The  model  is  applicable  in  a uniform  temperature  region  and  not 
applicable  where  temperature  stratification  exists. 

Remarks 


From  Battelle  Environmental  Evaluation  System  (Dee  et  al.  1972) 
and  Battelle  Dredging  Impact  Assessment  Method  (Battelle-Columbus  Lab- 
oratories 1974).  See  also  Raphael  (1962)  for  NSF  curves. 


C16 


T~-”i 


Account : Environmental  Quality 

Category:  Aquatic 

Subcategory : Water  Quality 

Variable:  Dissolved  Oxygen 

Definition  and  Measurement 


Dissolved  oxygen  is  perhaps  the  most  commonly  employed  variable  of 
water  quality.  Low  levels  of  dissolved  oxygen  adversely  affect  fish  and 
other  aquatic  life,  and  the  total  absence  of  dissolved  oxygen  will  lead 
to  the  development  of  an  anaerobic  condition  with  the  attendant  odor  and 
other  esthetic  problems. 

The  saturation  concentration  of  dissolved  oxygen  in  water  depends 
on  water  temperature  and  on  dissolved  solids  content;  the  ability  of 
water  to  hold  dissolved  oxygen  decreases  with  increases  in  temperature 
or  dissolved  solids.  Further,  increased  temperatures  increase  the  rates 
at  which  dissolved  oxygen  is  depleted  by  the  life  processes  of  fish  and 
aquatic  life  and  by  the  stabilization  of  biochemical  oxygen  demand 
materials. 

Functional  Curve  and  Rationale 


The  oxygen  requirements  of  fish  vary  with  the  species  and  age  of 
the  fish.  Cold-water  fish  seem  to  require  higher  oxygen  concentrations 
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than  do  the  coarse  fish  (e.g.  carp  and  eel),  probably  because  the  former 
are  more  active  and  predatory. 

Notwithstanding  these  variations,  it  may  be  stated  that  the  range 
of  3-6  mg/8,  is  the  critical  level  of  dissolved  oxygen  for  nearly  all 
fish.  Below  3 mg/i,  further  decreases  in  oxygen  are  important  only  in- 
sofar as  the  development  of  local  anaerobic  conditions  is  concerned;  the 
rticjor  damage  to  fish  and  aquatic  life  will  already  have  been  done. 

Above  6 mg/il,  the  major  advantage  of  additional  dissolved  oxygen  is  as 
a reserve  or  buffer  to  handle  shock  loads  of  high  oxygen-demanding  waste 
loads.  These  factors  are  reflected  in  the  S-shape  of  the  value  function. 
The  value  function  shown  in  the  curve  is  identical  with  the  one  pub- 
lished by  the  National  Sanitation  Foundation  (NSF)  if  one  assumes  a 
saturation  concentration  of  9 mg/i  (the  NSF  value  function  was  construc- 
*,  ted  in  terms  of  percent  saturation  instead  of  absolute  dissolved  oxygen 

concentration) . 

Prediction  of  Impacts 

i Many  predictive  models  exist  for  determining  changes  in  dissolved 

oxygen.  A notable  source  is  Nemerow  (1974). 

Remarks 


From  Battelle  Environmental  Evaluation  System  (Dee  et  al.  1972). 
See  also  Battelle  Dredging  Impact  Assessment  Method  (Battelle-Columbus 
l Laboratories  1974). 
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Account : Environmental  Quality 

Category : Aquatic 

Subcategory : Water  Quality 

V * 

Variable : Biochemical  Oxygen  Demand 

Definition  and  Measurement 

Biochemical  oxygen  demand  (BOD) , one  of  the  most  widely  used 
variables  of  water  quality,  is  a surrogate  indicator  of  the  effect  of  a 
combination  of  substances  and  conditions.  Specifically,  BOD  is  a 
measure  of  the  amount  of  dissolved  oxygen  that  will  be  depleted  from 
water  during  the  natural  biological  assimilation  of  organic  materials. 

Functional  Curve  and  Rationale 


BOD  is  important  only  insofar  as  it  promotes  the  depletion  of 
dissolved  oxygen  or  the  growth  of  undesirable  benthic  organisms.  In  a 
slow,  sluggish  stream  or  reservoir,  a BOD  of  5 mg/S.  might  be  sufficient 
to  produce  undesirable  conditions,  whereas  a swift  mountain  stream 
might  easily  handle  50  mg/S.  of  BOD  without  significant  deleterious  ef- 
fects. Swift-moving  streams  have  a greater  capacity  for  reaeration  and 
for  preventing  the  accumulation  of  high  BOD  materials  in  bottom  deposits 
than  do  sluggish  streams  or  reservoirs.  Thus,  the  value  function  for 
BOD  must  be  structured  to  reflect  these  differences.  It  is  seen  that 
the  National  Sanitation  Foundation  (NSF)  value  function  falls  in  between 
the  value  functions  provided  in  the  curve  for  the  two  extreme  conditions 
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described  previously.  The  value  function  for  the  sluggish  stream  or 
reservoir  is  characterized  by  a much  more  sudden  decrease  in  quality  per 
unit  of  additional  BOD  than  is  the  value  function  for  the  swift  stream. 

Prediction  of  Impacts 

Many  predictive  models  are  available.  See  Nemerow  (1974). 

Remarks 

From  Battelle  Environmental  Evaluation  System  (Dee  et  al.  1972). 


C20 


- ■ — -■  ‘ 


Account : Environmental  Quality 


Category:  Aq  ua  t i c 

Subcategory:  Habitat  and  Communities 

Variable:  Freshwater  Nonriver  Swamp 

Dei  in  it  ion  _and^  Measurement 

Freshwater  nonriver  swamps  are  considered  to  serve  as  plant  and 
animal  habitat.  Evaluation  of  this  habitat  type  is  based  on  composite 
of  five  key  variables  as  follows:  species  associations,  percent  forest 

cover,  percent  flooded  annually,  ground  cover  diversity,  and  percent 
coverage  by  ground  cover.  For  definitions  of  these  variables  see  the 
variable  Freshwater  River  Swamp. 

Functional  Curves  and  Rationale 


A curve  is  provided  for  each  of  the  five  variables.  The  importance 
weights  for  the  five  variables  for  freshwater  nonriver  swamps  are  as 
follows : 


Variable 

Weight 

1. 

Species 

associations 

28 

2. 

Percent 

forest  cover 

21 

3. 

Percent 

flooded  annually 

23 

4. 

Ground  < 

cover  diversity 

14 

5. 

Percent 

coverage  by  ground  cover 

14 

Prediction  of  Impacts 

No  predictive  models  are  available. 

Remarks 

From  Lower  Mississippi  Valley  Division  Method  (U.  S.  Army  Engineer 
Division,  Lower  Mississippi  Valley,  1976). 
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Account : Environmental  Quality 

Category:  Air 

Subcategory : Air  Quality 

Variable:  Particulate  Matter 

Definition  and  Measurement 

Suspended  particulate  matter,  often  referred  to  as  particulates 
in  the  air  pollution  literature,  is  the  most  prevalent  atmospheric 
pollutant.  Most  observations  of  particulate  concentration  are  obtained 
with  equipment  that  preferentially  collects  particles  in  the  1-  to 
10-p  range.  Larger  particles  tend  to  settle  out  of  the  air  due  to 
gravity  and  are  thus  mostly  a nuisance.  Particles  smaller  than  1 p , on 
the  other  hand,  are  most  readily  respirable  and  contribute  the  most  to 
reduction  of  visibility  due  to  their  light-scattering  ability.  However, 
most  of  the  literature,  criteria,  and  standards  have  reference  to  1-  to 
10-p  particles,  the  concentration  of  which  is  expressed  as  mass  per 
unit  volume,  usually  micrograms  per  cubic  metre. 

Functional  Curve  and  Rationale 


A value  function  for  these  particulates  has  been  constructed 
giving  consideration  to  established  air  quality  standards  and  the  cri- 
teria upon  which  the  standards  are  based.  In  general  the  function 
declines  relatively  steeply  as  concentrations  become  great  enough  to 
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cause  noticeable  turbidity  or  to  contribute  to  corrosion  of  materials. 

It  will  decline  more  slowly  at  higher  concentrations  where  health  ef- 
fects begin  to  appear,  but  will  certainly  be  very  low  at  typical  urban 
concentrations.  The  value  function  declines  again  as  concentration 
approaches  zero  because  some  particles  are  necessary  to  provide  condensa- 
tion nuclei  upon  which  fog  and  cloud  droplets  can  form. 


Prediction  of  Impacts 


Determine  changes  in  particulate  matter  levels.  Several  pre- 
dictive techniques  are  discussed  in  U.  S.  Environmental  Protection 
Agency  (1973)  and  Seinfeld  (1973). 


Remarks 


From  Battelle  Environmental  Evaluation  System  (Dee  et  al.  1972). 


} 


ACCOUNT 


CATEGORY 


VARIABLE 


SWB 


LIFE,  HEALTH,  AND  SAFETY 


EMERGENCY  PREPAREDNESS 


DEMOGRAPHIC 

CHARACTERISTICS 


COMMUNITY  ORGANIZATION 


INCOME 


EDUCATIONAL,  CULTURAL, 
AND  RECREATIONAL 
OPPORTUNITIES 


REDUCTION  IN  RISK 
REDUCTION  IN  PATHOGENS 
REDUCTION  IN  NOXIOUS  EFFECTS 
DENSITY 

RESOURCE  PROVISION  EXPANSION 
SPATIAL  REARRANGEMENTS 

POPULATION  SIZE 
VITAL  RATES 

COHESION 
EMPLOYMENT 
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Figure  C3.  Structure  of  the  Social  Well-Being  account 
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Account : Social  Well-Being 


Category : Life,  Health,  and  Safety 

Variable : Reduction  in  Pathogens  (Morbidity) 

Definition  and  Measurement 

From  the  definitions  of  a cluster  of  concepts,  the  reduction  in 
the  morbidity  rate  from  a given  disease  (e.g.,  malaria)  may  be  selected. 
Morbidity  rates  can  be  calculated  as  one  of  the  following: 


/ 

I 


Functional  Curve  and  Rationale 

None  available. 

Idealized  Functional  Curve 
and  Rationale 


Prediction  of  Impacts 

Positive  impacts  reflect  the  removal  of  pathogens  from  the  environ- 
ment and  the  overall  improvement  of  life  conditions. 

Remarks 

Public  health  statistics. 
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Account : 


Social  Well-Being 


Category:  Life,  Health,  and  Safety 

Variable : Reduction  in  Risk 

Definition  and  Measurement 

A key  variable  in  determining  social  well-being  is  accidental 
deaths  attributed  to  a project.  The  measurement  can  be  derived  from  the 
general  relationship  of  the  number  of  accidental  deaths  and/or  injuries 
per  1000  population.  It  could  be  further  elaborated  to  reflect  mortality 
rates  for  specific  groups,  morbidity  rates  for  selected  causes,  and 
severity  rates  (length  of  incapacitation). 

Functional  Curve  and  Rationale 

None  available. 

Idealized  Functional  Curve 
and  Rationale 


RATE  OF  ACCIDENTAL  DEATHS  AND  OR  INJURIES 
(RELATED  TO  SPECIFIC  PROJECT) 

Prediction  of  Impacts 

Adverse  impacts  are  identified  with  a significant  number  of  deaths 
and/or  injuries  attributed  to  a specific  project.  While  the  term  "sig- 
nificant" is  relative,  it  reflects  concern  with  the  rate  of  death,  in- 
jury, and/or  physical  malady  that  affect  collective  well-being  as  well 
as  the  delivery  of  health-care  services. 

Remarks 

Most  measurements  for  this  variable  reflect  concern  with  physical 
dimensions,  such  as  removal  of  hazards,  expected  damages,  and  safe 
drinking  water.  Data  for  accidental  deaths  can  be  obtained  from  the 
Federal  and  State  vital  statistics,  including  hospital  records. 
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Account : Social  Well-Being 


Category:  Emergency  Preparedness 
Variable:  Spatial  Rearrangements 
Definition  and  Measurement 


This  variable  attempts  to  relate  the  degree  of  population  and 
industry  dispersal  in  order  to  meet  a variety  of  exigencies.  Ideally, 
water  resources  projects  for  new  towns  and  industries  outside  major 
population  centers  should  be  indicators  of  whether  national  security 
demands  are  being  met  and  of  readiness  in  case  of  emergency.  The  Bureau 
of  Reclamation  (1972)  includes  the  following  factors  in  this  area: 
provision  of  flexible  reserves  of  water  and  protection  of  waterways. 

Functional  Curve  and  Rationale 


None  available. 

Idealized  Functional  Curve  and  Rationale 


DEGREE  OF  DISPERSAL 


Prediction  of  Impacts 

Positive  impacts  accrue  where  alternative  dispersed  water  systems 
are  able  to  pick  up  functions  following  any  national  emergency.  However, 
preparedness  beyond  a certain  point  of  dispersal  (intermediate?)  may  be 
economically  undesirable.  Use  of  gravity  models  can  help  determine 
either  concentration  or  decentralization  optima. 

Remarks 


Standard  census 
sites.  Department  of 
attack)  may  be  useful 


sources  are  useful,  as  are  inventories  of  project 
Defense  data  (as  for  reaction  to  potential  nuclear 
parallel  material. 
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Account : Social  Well-Being 


Category : Demographic  Characteristics 

Variable : Population  Density 

Definition  and  Measurement 

This  variable  essentially  involves  the  number  of  people  living 
in  a given  area.  It  attempts  to  measure  both  the  scale  of  life  with 
regard  to  the  number  of  affected  groups  in  a given  area  and  the  costs 
associated  with  various  rates  of  increase  in  density  (such  as  tax  base, 
crime,  opportunities,  and  discomfort).  It  is  measured  by  number  of 
people  per  given  area,  and  while  numerical,  has  no  actual  reference  to 
what  is  low  or  high. 

» 

Functional  Curve  and  Rationale 
None  available. 

t Idealized  Functional  Curve 

and  Rationale 


"2 


Remarks 

Population  density  is  a highly  subjective  measure  depending  on  the 
point  of  view  of  affected  groups.  In  terms  of  environmental  quality, 
it  is  usually  associated  with  carrying  capacity,  although  no  specific 
measures,  parameters,  or  limits  seem  to  exist. 


Account : Social  Well-Being 

Category:  Demographic  Characteristics 

Variable:  Community  Growth 

Definition  and  Measurement 


Most  often,  community  growth  is  defined  as  the  increase  in  popula- 
tion of  a given  locality  with  the  attendant  increases  in  community 
services  and  facilities. 

Functional  Curve  and  Rationale 


None  available  (except  an  implicit  functional  relationship  for 
certain  schools  of  thought  that  the  more  the  growth,  the  better  the 
community) . 

Idealized  Functional  Curve 
and  Rationale 


Prediction  of  Impacts 

Positive  impacts  may  be  described  as  those  consistent  with  stated 
community  goals  and  carrying  capacity.  However,  neither  goals  nor  carry- 
ing capacity  is  usually  defined  (most  of  the  time  they  reflect  shifting 
local  desires).  Adverse  impacts  can  be  predicted  when  communities  grow 
beyond  desired  levels  or  when  they  exceed  some  notion  of  carrying 
capacity. 

Remarks 


The  idealized  functional  curve  assumes  that  the  so-called  "good 
community"  involves  both  a minimum  and  a maximum  size.  While  the  numbers 
shown  reflect  some  agreement  in  the  literature,  they  are  highly  dependent 
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on  local  circumstances,  time,  culture,  etc.  Repeated  studies  show  no 
conclusive  evidence  of  optimum  community  size  for  environmental  quality 
(measured  through  a variety  of  social  indicators) . Sources  of  informa- 
tion include  records  of  new  development,  census  information,  aerial 
photographs,  and  local  baseline  data. 


C33 


Account : Social  Well-Being 


Category:  Demographic  Characteristics 

Variable:  Population  Mobility 

Definition  and  Measurement 


Population  mobility  can  be  defined  as  the  ability  of  individuals  to 
move  from  one  locality  to  another.  This  is  usually  measured  as  either 
out-migration  or  in-migration  with  the  resulting  balance  expressed  as 
net  migration.  The  percentage  of  change  between  selected  time  periods 
expresses  the  rate  of  migration  as  part  of  the  overall  population  change. 

Functional  Curve  and  Rational 


None  available. 

Idealized  Functional  Curve 
and  Rationale 


Prediction  of  Impacts 

Population  shifts  can  be  predicted  by  using  trend  data  for  the  past 
and  extrapolating  into  the  future.  The  degree  of  change  due  to  migration 
may  affect  in  two  different  ways  social  well-being.  On  the  one  hand, 
mobility  contributes  to  the  psychological  well-being  of  individuals  and 
economic  and  social  enhancement  of  a community.  On  the  other  hand,  sig- 
nificant rates  of  out-migration  create  hardships  to  the  community  left 
behind,  as  well  as  problems  from  sudden  population  influx  into  host  com- 
munities. A general  observation  in  the  literature  is  that  migration  is 
proportional  to  the  number  of  opportunities  at  a given  distance. 

Remarks 


Census  and  local  sources. 
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Account : Social  Well-Being 


Category : Community  Organization 

Variable:  Community  Cohesion 

Definition  and  Measurement 


Assuming  that  one  can  define  community  (in  either  spatial,  social, 
or  subjective  terms),  community  cohesion  is  a composite  variable  reflect- 
ing the  degree  of  attraction  of  parts,  the  level  of  interdependence,  and 
the  commonality  of  social  traits  providing  unifying  forces  of  a group. 
Cohesiveness  describes  the  sense  of  community  in  terms  of  degree  of  prox- 
imity, interaction,  and  sharing.  There  are  various  measures  such  as 
neighborhood  index  (residential  qualities),  social  capacity  indicators 
(perceptions  and  identification),  social  interaction  analysis  (inter- 
action patterns  within  community  boundaries),  mobility  index  (percent 
of  households  in  the  same  dwelling  unit  for  5 yr  or  more),  and  a host 
of  social  indicators  (crime  rate,  unemployment,  subjective  group 
identification) . 

Functional  Curve  and  Rationale 


None  available. 


Idealized  Functional  Curve 
and  Rationale 


COMMUNITY  COHESION 


Prediction  of  Impacts 

Adverse  impacts  involve  the  serious  disruption  of  social  inter- 
action, transformation  in  physical  proximity,  breakdowns  in  important 
local  institutions,  and  alterations  in  behavioral  and  perceptual  rela- 
tionships (distrust,  anxiety  about  newcomers,  suspicion,  frustration 
about  the  "passing  of  the  good  old  days").  Alternatively,  a project 
may  enhance  cohesion  by  responding  to  broadly  desired  community 


objectives  (and  in  many  cases  by  rallying  citizens  as  opposing  forces 
to  projects). 

Remarks 


This  is  one  of  the  most  celebrated  elements  of  SWB  and  social  im- 
pact analysis.  Although  it  is  widely  discussed,  little  exists  as  to 
its  specific  dimensions  or  functional  relationships.  Information  can 
be  obtained  indirectly  through  available  data  or  through  surveys  for 
judgment  scales.  Sources  of  information  also  include  local  mass  media 
analysis  and  interviews  with  community  leaders. 


Account : 


Social  Well-Being 
Category:  Community  Organization 

Variable:  Displacement  of  People 

Definition  and  Measurement 


This  variable  measures  the  displacement  of  individuals  due  to  the 
acquisition  of  land  and  associated  facilities.  Its  measurement  is  based 
on  the  actual  number  of  people  displaced  and  on  a subjective  evaluation 
of  a low  to  high  rate  of  displacement  in  the  context  of  the  particular 
community. 

Functional  Curve  and  Rationale 


None  available. 

Idealized  Functional  Curve 
and  Rationale 


DISPLACEMENT  OF  PEOPLE 


Prediction  of  Impacts 

Adverse  economic  impacts  occur  when  individuals  or  groups  suffer 
losses  above  and  beyond  those  compensable  under  law.  Furthermore, 
social  dislocations  and  adverse  impacts  result  from  dispersion  and  from 
breakdowns  in  community  cohesion  (including  losses  of  community  insti- 
tutions). Other  predictable  impacts  involve  effects  on  receiving 
communities  and  on  individuals  who  are  adapting  to  a new  environment. 

Remarks 


No  agreement  exists  as  to  what  is  minimal  or  severe  displacement. 
Occasionally  displacement  may  be  also  advantageous  in  providing  new 
opportunities  for  certain  groups,  e.g.,  the  removal  of  people  from 
dilapidated  areas. 
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Account : Social  Well-Being 

Category:  Community  Organization 

Variable:  Social  Mobility 

Definition  and  Measurement 

As  part  of  overall  community  organization,  this  variable  measures 
the  percent  of  fathers  and  sons  in  the  same  occupational  category.  It 
is  one  of  many  indexes  of  occupational  shift  and  attempts  to  delineate 
the  upward  mobility  of  successive  generations. 


Functional  Curve  and  Rationale 

! 

i None  available. 

a 


Account : Social  Well-Being 


Category:  Real  Income  Distribution 

Variable:  Income  Generated 

Definition  and  Measurement 


This  variable  measured  by  a series  of  indexes  elaborating  changes 
in  the  level  of  income  attempts  to  capture  monetary  benefits  to  be  ac- 
crued to  various  groups  by  a given  project.  It  is  assumed  that  higher 
incomes  raise  both  the  level  of  opportunities  and  the  satisfaction  ac- 
companying new  lifestyles.  Measurements  usually  associated  with  this 
variable  are  median  family  income  and  per  capita  income  (family  poverty 
level  as  defined  by  the  Office  of  Economic  Opportunity  may  be  used  as 
the  lowest  income  group) . Subsequent  levels  of  income  groups  can  por- 
tray relative  cutting  points. 

Functional  Curve  and  Rationale 


None  available. 

Idealized  Functional  Curve 
and  Rationale 


INCOME  GENERATED 


Prediction  of  Impacts 

The  range  of  effects  involves  the  number  and  income  class  of 
project  beneficiaries;  the  expected  equitable  distribution  among  all 
groups;  and  the  effect  income  redistribution  will  have  on  expenditures 
in  a community.  Usually,  income  generated  is  seen  as  a catalyst  for 
far-reaching  changes  and  secondary  impacts  in  the  life  of  a community 
(such  as  income  stabilization,  better  community  services,  and  better 
standard  of  living) . 


Remarks 


Composite  sources  from  methodologies  examined,  especially  Bureau 
of  Reclamation  (1972).  Other  sources:  census;  tax  records;  and  Office 

of  Economic  Opportunity. 
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Account : 


Social  Well-Being 


Category:  Educational,  Cultural,  and  Recreational  Opportunities 

Variable : Accessibility 

Definition  and  Measurement 

This  variable  can  be  broadly  defined  as  the  relative  ease  or  dif- 
ficulty of  getting  to  or  from  educational,  cultural,  or  recreational 
opportunities.  This  variable  can  be  measured  by  movement  patterns  re- 
lating spatial  separation,  attractiveness  of  destination,  and  costs  of 
movement  through  such  techniques  as  isochronal  maps  and  comparative 
graphs  showing  gains  and  losses  in  geographic  areas.  Rigorous  techniques 
can  express  in  mathematical  terms  an  index  of  accessibility  (which  here 
for  reasons  of  simplicity  may  range  from  low  to  high). 

Functional  Curve  and  Rationale 

None  available. 

Idealized  Functional  Curve 
and  Rationale 


ACCESSIBILITY 


Prediction  of  Impacts 

Positive  impacts  refer  to  increased  opportunities  for  reaching 
desired  destinations.  However,  adverse  (secondary)  effects  involve 
potential  for  sprawl  developments,  land-use  changes,  and  overuse  of 
recreational  activities.  The  idealized  functional  relationship  assumes 
a saturation  threshold,  especially  for  cases  of  pristine,  relatively 
isolated  environments. 
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Remarks 


This  variable  should  incorporate  not  only  physical  accessibility 
but  also  perception  of  accessibility  (proxemic  configuration).  Thus, 
it  is  not  only  physical  distance  but  also  the  mental  map  of  the  per- 
ceived attractivity  and  related  distance  that  comprise  a total  index  of 
accessibility.  Information  can  be  derived  from  traffic  studies  as  well 
as  from  surveys  of  subjective  identification. 
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Account : Social  Well-Being 

Category:  Educational,  Cultural,  and  Recreational  Opportunities 

Variable : Recreational  Diversity 

Definition  and  Measurement 

This  variable  attempts  to  measure  the  mix  of  recreational  oppor- 
tunities. It  is  based  on  a subjective  measure  of  single-purpose  recrea 
tion  versus  a richer  diversity  of  recreational  opportunities.  It  can 
be  measured  by  the  number  of  potential  activities  through  consensus 
subjective  scales  with  arbitrary  cutting  points  at  different  levels  of 
diversity  of  envisaged  activities.  The  assumption  underlying  this 
variable  is  that  the  richer  the  mix,  the  higher  the  satisfaction  to 
diverse  groups  of  citizens. 

Functional  Curve  and  Rationale 


None  available. 
Idealized  Functional  Curve 


and  Rationale 


MODERATE 
RECREATION  MIX 


PLURALISTIC 


Prediction  of  Impacts 

Positive  impacts  may  result  from  more  opportunities  for  recrea- 
tional participation  and  from  diversified  activities.  Adverse  impacts 
may  also  appear  from  overlapping/competing  recreational  activities, 
e.g.,  fishing  versus  water  skiing. 

Remarks 


Recreation  is  difficult  to  define  since  it  means  almost  anything 
people  do  with  their  leisure  time.  Discretionary  time  use  for  personal 


satisfaction  and  enjoyment  can  be  also  used  here.  Parallel  concepts  in 
elude  recreational  experience  quality  as  measured  through  judgments 
along  a relative  preference  scale. 
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Account : Social  Well-Being 


Category:  Educational,  Cultural,  and  Recreational  Opportunities 

Variable : Achievement/Quality 

Definition  and  Measurement 

Although  parallel  indexes  may  exist  to  measure  a variety  of  items 
under  achievement  or  performance,  two  typical  factors  describe  level 
of  achievement:  (a)  median  school  years  completed  by  persons  25  yr 

and  over  and  (b)  percent  of  persons  25  yr  and  over  who  completed  A yr 
of  high  school  or  more.  The  first  is  the  basis  for  the  present  vari- 
able and  is  based  on  the  assumption  that  higher  education  contributes 
to  self-actualization,  a higher  degree  of  satisfaction,  and  therefore 
more  overall  fulfillment. 

Functional  Curve  and  Rationale 

None  available. 

Idealized  Functional  Curve 
and  Rationale 


Positive  impacts  in  terms  of  enhancement  and  fulfillment  occur 
when  individuals  have  the  opportunity  through  increased  education  to 
be  employed  in  higher  paying  jobs  (thus,  indirectly  also  measuring  in- 
come); to  be  involved  in  more  meaningful  jobs;  and  to  have  feelings  of 
self-improvement,  goal  realization,  and  personal  fulfillment.  However, 
disparities  between  educational  achievement  (especially  for  the  highly 


Account : Social  Well-Being 


J ^ 


Category:  Noise 

Definition  and  Measurement 


Noise  is  created  both  by  man's  activities  and  by  natural  phenomena. 
Noise  may  have  a physiological  effect,  in  which  case  it  may  be  con- 
sidered to  be  a pollutant,  or  a psychological  effect,  in  which  case  it 
is  more  of  an  esthetic  factor.  For  example,  the  singing  of  birds  and 
the  bubbling  of  a brook  can  be  considered  as  desired  sounds.  In  other 
cases,  however,  noise  can  cause  damage  to  man  and  nature.  Some  examples 
of  undesirable  sounds  are  noise  from  the  normal  operation  of  project 
facilities,  such  as  generators  and  machine  shops,  or  as  a result  of 
man's  use  of  water  resources  projects,  such  as  outboard  motors  and  snow- 
mobiles at  recreation  areas. 

Functional  Curve  and  Rationale 


50  60  7 0 75  80  90  100 
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LEVEL  LOUD 


ACCEPTABLE  | — ► ANNOYING 

NOISE  INTENSITY,  dblAi 

In  urban  areas  where  noise  is  a major  problem,  several  variables 
of  noise  are  usually  of  interest,  including  intensity,  frequency  distri- 
bution, distribution  of  frequency  and  intensity  throughout  the  day, 
variety  of  sound,  and  relationship  between  the  sources  of  noise  and  the 
recipients  of  noise.  To  avoid  the  unwarranted  complexity  of  handling 
these  multiple  variables,  two  have  been  selected  for  incorporation  into 
a noise  value  function.  These  are  the  intensity  of  noise  and  the  fre- 
quency of  occurrence  and  distribution  within  the  project  area.  Intensity 
is  represented  by  conventional  decibel  db  (A)  units  and  by  a subjective 
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scale  from  "natural  level"  to  "loud."  Quality  index  is  shown  to  decrease 
with  both  increasing  intensity  and  increasing  frequency  and  distribution. 

Prediction  of  Impacts 


See  models  developed  by  the  U.  S.  Department  of  Transportation 
(1972)  and  Federal  Highway  Administration  (1973). 

Remarks 

From  Battelle  Environmental  Evaluation  System  (Dee  et  al.  1972). 
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RD 
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Figure  C4.  Structure  of  the  Regional  Development  account 
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Account : Regional  Development 


i 

i 

i 
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Category:  Income  Effects 

Variable : Value  of  Unemployed  or  Underemployed  Resources 

Definition  and  Measurement 

Using  the  full  employment  assumption  stated  in  Principles  and 
Standards,  underemployment  or  unemployment  of  resources  would  occur  only 
during  tenjporary  transition  periods  as  resources  are  moved  from  lower 
to  higher  economic  uses.  The  key  criterion  in  evaluation  is  the  degree 
of  immobility  of  the  resource.  Information  must  be  obtained  about  the 
individuals  and  groups  in  the  socioeconomic  region  under  consideration. 
Then  an  effort  should  be  made  to  determine  the  probable  duration  of  the 
underemployment  or  unemployment  in  the  absence  of  a water  resource  plan. 
A two-step  approach  is  recommended:  (a)  identify  all  income-generating 

activities  and  associated  employment  under  (1)  induced  and  stemming  ef- 
fects and  (2)  construction  and  operation  and  maintenance  expenditures 
and  (b)  identify  those  portions  of  these  two  categories  providing  em- 
ployment to  those  factors  of  production  not  fully  or  partially  utilized. 
Then  adjust  the  other  two  estimates  to  reflect  this  change. 

Functional  Curve  and  Rationale 

None  available. 

Prediction  of  Impacts 

It  is  expected  that  underemployed  or  unemployed  resources  will  be 
reduced  in  most  cases  of  plan  development,  at  least  for  a limited  time. 
The  benefits  accrued  from  this  variable  would  then  be  greatest  at  the 
beginning  of  plan  implementation,  declining  and  ending  after  a period 
of  about  20  yr. 

Remarks 

The  existence  of  underused  or  unused  resources  has  to  be  supported 
and  a demonstration  made  that  they  would  not  be  used  in  the  absence  of 
a planned  development.  Possible  references  would  include  publications 
from  the  U.  S.  Department  of  Commerce,  the  U.  S.  Department  of  Labor, 
and  the  U.  S.  Census  Bureau.  By  comparing  local  levels  of  income  and 
employment  with  national  averages  and  national  employment  goals,  a 
preliminary  basis  for  separating  the  underemployed  or  unemployed  cate- 
gory can  be  derived.  From  Bureau  of  Reclamation  (1972). 
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Account : Regional  Development 


Category : Income  Effects 

Variable : User  Payments 


Definition  and  Measurement 
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User  payments  include  payments  made  by  the  region  for  resources 
developed  by  the  plan.  These  costs  are  the  repayments  for  project 
water,  power,  recreation,  fish  and  wildlife  facilities,  navigation 
systems,  and/or  other  project  facilities  and  services  for  which  reim- 
bursement is  required. 

Functional  Curve  and  Rationale 

None  available. 

Prediction  of  Impacts 

Information  on  these  costs  will  be  generated  during  Stage  2 of 
the  planning  process  by  the  Economics  Section. 

Remarks 


The  form  of  payment  may  include  direct  payments  for  power,  irri- 
gation water,  municipal  and  industrial  water,  local  cost-sharing  for 
facility  development,  or  user  fees  for  recreation  and  fish  and  wildlife 
facilities.  From  Bureau  of  Reclamation  (1972). 


Account : 


T 


Regional  Development 


Category:  Income  Effects 

Variable : Increases  from  Construction  and  Operation  and  Maintenance 

Activities 

Definition  and  Measurement 

Income  impacts  will  be  generated  by  wages  paid  to  construction 
workers  and  from  employees  involved  in  operating  and  maintaining  program 
or  project  services.  Data  are  available  on  the  number  of  construction 
workers,  type  of  work,  and  salary  schedules.  Similar  data  are  often 
developed  in  estimating  annual  operation  and  maintenance  expenditures 
for  determining  project  costs  and  from  actual  construction  and  operation 
experience.  It  may  also  be  desirable  to  derive  an  income  multiplier 
from  existing  input-output  studies  to  estimate  the  total  net  income 
generated . 

Functional  Curve  and  Rationale 


None  available. 

Prediction  of  Impacts 

Regional  expenditures  by  imported  manpower  will  vary  from  a high 
where  total  disposable  wages  are  spent  to  a low  of  subsistence  spending. 

Remarks 

An  analysis  of  the  anticipated  construction  schedule  will  be 
necessary  to  determine  construction  impacts.  From  Bureau  of  Reclama- 
tion (1972). 


C52 


Account : Regional  Development 

Category:  Income  Effects 

Variable:  Losses  from  Displaced  Regional  Activities 

Definition  and  Measurement 

This  variable  is  the  loss  of  net  income  in  the  region  from  other 
economic  activities  as  a result  of  displacement  by  the  plan. 

Functional  Curve  and  Rationale 

None  available. 

Prediction  of  Impacts 

Data  on  this  variable  will  be  generated  for  each  alternative  plan 
during  Stage  2 of  the  planning  process  by  the  Economics  Section. 

Remarks 
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Account : Regional  Development 

Category:  Employment 

Definition  and  Measurement 

Beneficial  effects  are  identified  and  measured  as  the  increase 
in  the  number  and  types  of  jobs  resulting  from  the  project  or  programs 
being  evaluated.  Adverse  effects  related  to  regional  employment  would 
include  any  decrease  in  the  number  and  types  of  jobs  resulting  from 
construction  and/or  operation  of  a project  or  program. 

Functional  Curve  and  Rationale 

None  available. 

Prediction  of  Impacts 

Planning  reports  will  provide  reasonable  estimates  of  the  antici- 
pated increased  employment  by  service,  trade,  or  industrial  sector. 

When  possible,  the  employment  increase  will  be  classified  with  regard 
to  level  of  skills  required. 

Remarks 

Consideration  should  be  given  to  the  difference  between  short- 
versus  long-term  impacts  (construction  versus  operation  and  maintainance 
jobs.)  From  Bureau  of  Reclamation  (1972). 


Account : Regional  Development 


Category:  Population  Distribution 

Definition  and  Measurement 

Population  distribution  may  be  measured  by  the  components  of  total 
population,  composition,  and  concentration.  Changes  (increases,  de- 
creases, or  stability)  may  be  noted  over  a period  of  time  for  the  region 
to  determine  trends  and  make  predictions. 

Functional  Curve  and  Rationale 

None  available. 


Beneficial  effects  will  occur  when  population  concentrations  of 
affected  planning  areas  are  improved  through  opportunities  created  by 
implementation  of  a plan.  Beneficial  effects  can  be  measured  as 
progress  toward  attainment  of  specific  goals  for  population  dispersal 
and  urban-rural  balance  is  realized.  Adverse  effects  would  be  plan- 
induced  concentrations  of  population  and  employment  contrary  to  speci- 


fied objectives.  Continuing  out-migration  of  regional  population  could 
be  an  adverse  effect  measured  and  identified  in  a future  without-plan 
analysis. 


Account : Regional  Development 
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Category:  Economic  Base  and  Stability 

Definition  and  Measurement 

This  category  consists  of  those  activities  that  provide  the  basic 
employment  and  income  on  which  the  rest  of  the  regional  economy  depends. 
Beneficial  effects  include  contributions  to  balanced  local  and  regional 
economies,  regularized  market  activity  and  employment  fluctuations, 
and  reversal  in  decline  of  community  growth.  These  beneficial  effects 
will  be  measured  or  described  by  comparative  indexes  relating  to  fluc- 
tuations in  output,  employment,  and  income.  Adverse  effects  would  be 
the  result  of  any  plan  that  would  reduce  the  economic  base  or  result 
in  economic  instability  contrary  to  the  goals  of  the  region. 

Functional  Curve  and  Rationale 

None  available. 


Prediction  of  Impacts 


Impact  prediction  depends  entirely  on  the  existing  base  and  nature 
of  the  plan  or  project  being  implemented. 


Remarks 


When  the  region  under  study  has  too  great  a concentration  or 
specialization  in  its  economic  base  and  the  project  and  program  being 
evaluated  would  have  significant  effect  in  promoting  greater  diversity, 
the  following  information  should  be  shown  in  planning  reports:  (a)  a 

statistical  description  of  the  area's  economic  base,  highlighting  the 
employment  concentrations  of  concern;  (b)  projections  of  future  employ- 
ment both  with  and  without  the  plan;  and  (c)  the  percentage  reduction 
in  the  area's  dependence  on  its  specialized  employment  base.  From 
Bureau  of  Reclamation  (1972). 


Account : 


Regional  Development 


Category : Regional  Effects  on  Educational,  Cultural,  and  Recreational 

Opportunities 

Definition  and  Measurement 


Beneficial  effects  of  this  component  include  contributions  to 
(a)  improved  opportunities  for  community  services  (utilities,  roads, 
schools,  hospitals,  etc.)  and  (b)  more  cultural  and  recreational  op- 
portunities (identification  of  historical  sites,  new  lakes  or  reservoirs, 
new  recreational  facilities.  Adverse  effects  are  identified  and  mea- 
sured or  described  as  detrimental  effects  on  educational,  cultural,  or 
recreational  opportunities. 

Functional  Curve  and  Rationale 


None  available. 

Prediction  of  Impacts 

A description  of  improved  community  services  and  cultural  and 
recreational  opportunities  will  be  provided  in  planning  reports.  The 
numerical  increase  of  services  and  opportunities  will  also  be  provided 
as  appropriate  to  relate  the  change  in  size,  use  potential,  quality, 
etc. , to  the  with  and  without  analyses. 

Remarks 

From  Bureau  of  Reclamation  (1972). 
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1.  In  order  to  illustrate  the  scaling,  weighting,  and  evaluation 
processes  of  the  Water  Resources  Assessment  Methodology  (WRAM) , the  fol- 
lowing hypothetical  example  is  presented.  It  must  be  emphasized  that 
this  example  is  presented  solely  for  illustrating  the  fundamentals  of 
the  computational  processes.  The  scope  of  data  presented  is  not  in- 
tended to  be  as  extensive  as  an  actual  field  analysis,  but  rather  is 
for  illustrating  WRAM's  general  applicability  given  various  levels  of 
detail.  Similarly  the  conclusions  developed  are  based  on  the  hypo- 
thetical data  and  analyses  presented  and  do  not  have  general  appli- 
cability. Although  an  effort  was  made  to  provide  a hypothetical  example 
that  would  be  typical  of  a real-world  situation,  it  should  be  reempha- 
sized that  the  primary  purpose  of  the  example  provided  herein  is  only  to 
show  how  WRAM  can  be  used. 

Description  of  Hypothetical  Study  Area 

2.  The  general  setting  of  the  study  area  is  illustrated  in 
Figure  Dl.  The  study  was  initiated  because  of  continued  flooding  from 
the  Any  River,  which  flows  out  of  rugged  mountain  terrain  onto  a coastal 
plain  used  for  the  production  of  commercial  timber,  cattle,  and  crops. 
The  stream  normally  has  moderate  flows  and  high  water  quality;  however, 
during  the  rainy  season  flash  flooding  causes  extensive  damage  to  flood- 
plain  improvements  in  nearby  Any town  and  to  outlying  agricultural  areas. 

3.  The  mountainous  upper  portion  of  the  drainage  basin  is 
forested,  relatively  undeveloped,  and  extremely  scenic,  and  has  been  a 
favorite  retreat  for  canoeists,  stream-fishermen,  and  naturalists.  In 
several  areas,  however,  poor  timber  management  has  resulted  in  the  loss 
of  employment  opportunities  for  residents.  The  area  is  currently  expe- 
riencing a net  out-migration  of  people  because  of  its  depressed  economy 
and  lack  of  employment  opportunities. 

4.  Anytown  is  the  only  incorporated  city  in  the  county.  There 
are  several  small  residential  clusters  in  other  areas  of  the  county, 
but  none  are  in  the  area  of  any  of  the  proposed  water  development 
alternatives.  Anytown  has  had  a fairly  stable  agricultural  base  over 
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the  years,  although  this  does  not  provide  large  numbers  of  employment 
opportunities  for  the  young  people.  The  residents  of  Anytown  are  ba- 
sically small-town  oriented. 


5.  In  terms  of  water  development  plans,  the  local  citizens  would 
welcome  relief  from  their  flooding  problems.  Although  there  is  no  need 
for  additional  municipal  or  industrial  water  supply  in  the  immediate 


t 


area,  a need  does  exist  in  the  nearby  Standard  Metropolitan  Statistical 
Area  (SMSA),  Any  City.  Additional  water  for  irrigation  could  be  used 
in  the  immediate  area  of  Anytown  as  well  as  in  downstream  areas,  and 
there  is  a need  for  additional  recreational  opportunities,  especially 
for  the  residents  of  Any  City.  Although  Anytown  residents  would  wel- 
come additional  job  opportunities,  they  probably  do  not  want  large-scale 
residential  or  recreational  development,  with  the  accompanying  influx 
of  tourists  and  outsiders. 
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Alternatives  Considered  to  Achieve  Flood  Control 


6.  In  this  example  it  is  assumed  that  previous  screening  has  re- 
duced the  list  of  plausible  alternatives  to  four  action  plans  and  the 
no-action  alternative.  Thus,  the  problem  at  this  stage  in  the  planning 
process  is  to  assess  and  evaluate  the  impacts  of  these  five  alternatives 
on  the  National  Economic  Development  (NED),  Environmental  Quality  (EQ) , 
Regional  Development  (RD) , and  Social  Well-Being  (SWB)  accounts.  A gen- 
eral description  of  the  alternatives  follows. 

Alternative  A:  main 

stem  multipurpose  lake 

7.  This  plan  would  consist  of  constructing  a dam  on  the  main  stem 
of  Any  River  as  illustrated  in  Figure  Dl.  The  lake  would  be  deep,  clear, 
and  oligotrophic,  with  outstanding  scenic  and  recreational  potential  and 
excellent  access  provided  by  an  existing  state  highway.  The  dam  would 
include  a multiple-level  discharge  that  would  allow  release  of  high- 
quality  water  at  a temperature  approximating  that  of  the  receiving 
stream.  The  purposes  of  the  lake  would  be  flood  control,  irrigation, 
water  supply,  and  recreation;  and  the  lake  would  be  managed  for  a warm- 
water  fishery. 

Alternative  B:  three 

upstream  multipurpose  lakes 

8.  This  plan  would  consist  of  constructing  dams  near  the  mouths 
of  the  three  major  tributaries  of  Any  River.  The  lakes  would  serve  the 
same  purposes  as  the  main  stem  lake.  The  combination  of  lakes  would 
allow  Any  River  to  remain  unobstructed  but  at  the  expense  of  providing 
less  flood  protection  and  water  supply  yield  and  fewer  recreational 
opportunities  because  of  limited  accessibility  in  the  upper  reaches. 

The  three  dams  would  not  have  provisions  for  multilevel  discharge,  and 
the  lakes  would  be  more  turbid  than  the  main  stem  lake  because  of  their 
proximity  to  logging  operations. 

Alternative  C:  dry 

lake  and  upstream  storage 

9.  This  plan  would  consist  of  an  upstream  lake  to  be  used  for 
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water  supply  and  irrigation  storage  and  a dam  at  the  site  of  Alterna- 
tive A to  be  operated  as  a dry  lake  except  during  times  of  flooding. 

The  plan  would  provide  full  flood-control  benefits  without  permanent 
inundation  of  the  main  stem  but  would  not  provide  as  many  recreational 
opportunities  as  Alternatives  A or  B.  This  alternative  would  result  in 
fewer  full-time  changes  to  the  main  stream  and  tributaries  than  Alterna- 
tives A or  B;  however,  effects  on  small  mammals  and  low-nesting  birds  in 
the  dry  lake  would  be  severe  during  flooding. 

Alternative  D:  nonstructural 

10.  This  plan  consists  of  zoning  restrictions  and  the  flood- 
proofing of  future  development  beyond  that  required  for  minimum  com- 
pliance with  the  Flood  Disaster  Protection  Act  of  1973  (Public  Law  93- 
234),*  assumed  for  the  without  project  conditions.  The  plan  includes 
the  purchase  of  vegetative  easements  and  fee  purchase  of  land  for  river 
access  sites  and  park  development,  including  urban  recreational  facil- 
ities within  Anytown.  The  plan  would  preserve  much  of  the  existing 
scenic  quality  of  Any  River  but  would  not  provide  the  same  degree  of 
flood  protection  as  any  of  the  other  alternatives.  Irrigation  and 
water  supply  would  not  be  included  as  project  purposes  with  this  plan, 
and  implementation  would  be  primarily  a local  responsibility. 

Alternative  E:  no  action 

11.  Under  the  without  project  conditions  assumed  for  the  no- 
action alternative,  the  general  flood  problem  would  continue.  However, 
all  future  development  in  the  floodplain  would  be  in  compliance  with 
the  minimum  standards  of  the  Flood  Disaster  Protection  Act  of  1973. 
Further  development  of  the  basin’s  water  resources  for  irrigation  or 
water  supply  purposes  would  not  be  expected  in  the  foreseeable  future. 
Although  the  population  of  the  area  would  be  expected  to  stabilize 
eventually  under  the  without  project  conditions,  the  unfavorable  eco- 
nomic climate  would  prevail.  With  this  alternative,  environmental  dual- 
ity in  the  basin  would  remain  generally  high  except  in  the  areas  of 


* Sources  cited  in  this  appendix  will  be  found  in  the  References  at 
the  end  of  the  main  text. 
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continued  logging  activities.  Caves  inhabited  by  the  Indiana  bat  and 
habitats  of  the  bald  eagle  in  the  area  will  not  be  under  any  protective 
jurisdictions  and  consequently  are  expected  to  degenerate  in  time. 

Activities  of  the  Interdisciplinary  Team 

12.  In  accordance  with  WRAM,  the  members  of  the  interdisciplinary 
team  have  been  working  together  since  inception  of  the  case  study.  They 
have  individually  and  collectively  visited  the  project  areas  and  are 
familar  with  local  interests,  concerns,  and  attitudes.  Team  meetings 
have  been  opened  to  allow  participation  by  representatives  of  citizen 
groups  and  local.  State,  and  Federal  government  agencies.  In  short, 
public  participation  has  been  continually  sought  throughout  the  planning 
process. 

13.  Potential  problem  areas  have  been  identified,  and  a lengthy 
list  of  possible  project  alternatives  has  been  formulated.  Through  pro- 
gressive iterations  within  the  planning  stages,  the  team  has  narrowed  the 
list  to  include  only  the  five  previously  described  alternatives.  The 
project  is  in  plan  development  Stage  3 as  described  by  the  Corps 

ER  1105-2-200  series.  The  interdisciplinary  team  has  produced  a refined 
list  of  variables  to  be  considered  from  a lengthy  list  of  possible  ones 
by  calculating  relative  importance  coefficients  (RIC's).  Baseline  data 
were  collected  for  these  selected  variables,  and  the  effects  of  each  al- 
ternative including  the  no-action  one  were  predicted  to  the  extent  that 
the  state  of  the  art  would  permit.  Where  possible,  quantitative  values 
were  predicted,  but  for  some  variables,  it  was  possible  only  to  predict 
the  changes  from  the  base  conditions  on  a qualitative  (better  or  worse) 
scale. 

14.  The  discussions  that  follow  for  each  of  the  four  accounts 
include  descriptions  of  data  and  the  general  line  of  reasoning  and  com- 
putational processes  used  by  the  interdisciplinary  team  in  developing 
RIC's  and  scale  values.  The  final  coefficient  matrix  tables  for  each 
account  are  presented  as  a possible  technique  for  displaying  adverse 
and  beneficial  impacts  of  each  alternative  on  a relative  basis  for  the 


D6 


variables  within  each  account.  The  summations  at  the  bottom  of  each 
matrix  were  provided  by  the  interdisciplinary  team  to  show  the  relative 
impacts  of  the  alternatives  to  each  account. 

NED  Account 


15.  As  described  in  Principles  and  Standards,  NED  is  to  be 
achieved  "by  increasing  the  value  of  the  nation's  output  of  goods  and 
services  and  improving  national  economic  efficiency"  (Water  Resources 
Council  1973).  An  estimate  of  the  project  net  benefits  provides  a valid 
measure  for  evaluating  the  impact  of  alternative  land  and  water  resource 
development  plans  on  this  objective.  Since  all  components  of  the  NED 
account  are  measured  in  monetary  terms,  net  benefits  provide  a direct 
and  comparable  measure  of  the  impacts  of  alternatives  on  the  NED  objec- 
tive. It  is  not  necessary  to  determine  or  scale  the  alternatives  to 
determine  their  impacts  or  the  trade-offs  between  plans  within  only  the 
NED  account.  However,  if  the  methodology  is  to  be  used  to  assist  the 
decisionmaker  in  evaluating  impacts  by  all  accounts,  scaling  of  the  NED 
account  (described  in  the  following  paragraphs)  is  required  and  should 
be  based  on  the  estimates  of  net  benefits. 

16.  The  components  and  scaling  of  the  NED  account  for  the  example 
are  summarized  in  Table  Dl.  It  is  assumed  in  this  example  that  an 
analysis  of  the  alternatives  indicated  that  no  significant  external 
economies  or  diseconomies  would  result  from  their  implementation,  and 
these  components  are  therefore  not  included  in  the  summary. 

17.  Net  benefits  are  the  difference  between  a plan's  beneficial 
and  adverse  components.  As  indicated  in  Table  Dl,  net  benefits  for  this 
example  range  from  -$70,000  for  Alternative  B to  $350,000  for  Alterna- 
tive A,  and  include  an  estimate  of  zero  for  Alternative  E,  the  no-action 
alternative.  As  previously  discussed,  net  benefit  is  the  only  factor 
required  to  evaluate  the  impacts  of  the  alternatives  on  the  NED  objec- 
tive or  to  compare  trade-offs  within  the  NED  account. 

18.  To  scale  the  alternatives  for  evaluations  between  accounts, 
the  values  of  1.0  and  0.0  are  assigned,  respectively,  to  the  alternatives 
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Table  Dl 
NED  Account 


Alternative 

(Average  Annual  Equivalents  in 
Thousands  of  Dollars) 


A B C D 


Beneficial  Increased  outputs: 
Flood  control 
Water  supply 
Irrigation 
Recreation 

Value  of  output  from 
unemployed  or  un- 
deremployed re- 
sources (Area 
Redevelopment ) 

Subtotal 

Adverse  Value  of  resources: 

Construction 

Operation  and 
maintenance 

Subtotal 

Net  benefits 
Scale 
Scale  value 


2150 

1830 

1780 

1500 

1700 

1600 

300 

200 

50 

1800 

1900 

1650 

350 

-70 

130 

0.26  0. 
0.14  0. 


* Includes  idditional  cost  of  floodproofing  future  development  beyond 
100-yr  level. 


with  maximum  and  minimum  net  benefits.  Values  for  the  remaining  alter- 
natives are  assigned  on  the  basis  of  the  relative  value  of  their  net 
benefits  within  this  range.  For  example,  the  point  value  for  Alter- 
native E is  determined  by 


Point  value  = 


Value  of  alternative  - minimum 

net  benefit 

Maximum  - minimum 
net  benefit 


Point  value  = 


0 - (-70) 
350  - (-70) 


70 

420 


0.16 


Finally  the  point  values  are  scaled  to  sum  to  1.0  by  dividing  the  indi- 
vidual point  values  by  their  sum.  Again  using  Alternative  E,  the  final 
scale  value  is  determined  by 


Scale  value  = 


0.16 

1.0  + 0.0  + 0.47  + 0.26  + 0.16 


0.08 


EQ  Account 


19.  One  of  the  objectives  of  Principles  and  Standards  is  "to 
enhance  the  quality  of  the  environment  by  the  management,  conservation, 
preservation,  creation,  restoration,  or  improvement  of  the  quality  of 
certain  natural  and  cultural  resources  and  ecological  systems"  (Water 
Resources  Council  1973) . Principles  and  Standards  states  that  benefi- 
cial and  adverse  effects  of  alternative  plans  on  environmental  character- 
istics such  as  open  and  green  space,  wild  and  scenic  rivers,  lakes, 
beaches,  and  any  area  of  natural  beauty;  archeological,  historical, 
biological,  and  geological  resources;  quality  of  land,  water,  and  air 
resources;  and  irreversible  commitments  of  resources  to  future  use,  will 
be  included  in  the  evaluation  of  the  EQ  account. 

20.  This  discussion  of  the  EQ  account  does  not  emphasize  the 
rationale  by  which  variables  were  selected  for  inclusion  in  the  account 
or  the  degree  of  the  impacts  that  have  been  proposed  to  be  fitted  to 
each  of  the  alternative  plans.  It  is  not  within  the  scope  of  this  ex- 
ample to  present  information  on  the  procedures  for  determining  which 
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variables  should  be  considered  or  the  extent;  to  which  information  should 
be  gathered  for  each  variable,  i.e.  resource  allocation.  These  features 
of  WRAM  and  the  procedures  available  for  refining  the  impact  determina- 
tion process  by  successive  iterations  are  discussed  in  the  main  text  of 
the  report. 

21.  Baseline  and  projected  environmental  conditions  for  each  of 
the  project  alternatives  are  summarized  in  Table  D2.  A table  of  factors 
for  converting  metric  (SI)  units  of  measurement  to  U.  S.  customary  units 
and  U.  S.  customary  units  to  metric  (SI)  units  is  given  on  page  7.  As 
would  be  the  case  in  any  environmental  assessment,  it  is  not  possible  to 
quantify  all  variables;  however,  qualitative  descriptors  (beneficial  to 
adverse)  of  impacts  can  be  effectively  used  if  quantitative  data  cannot 
be  obtained  for  specific  variables. 

RIC 

22.  Within  the  EQ  account,  three  levels  of  specificity  of  vari- 
ables were  considered  (Table  D3) . The  variables  within  each  level  were 
ranked  using  the  pairwise  comparison  technique,  including  a dummy  vari- 
able to  ensure  that  all  variables  would  have  a RIC  greater  than  zero. 

For  example,  at  the  first  level,  it  was  felt  by  the  interdisciplinary 
team  that  terrestrial  and  aquatic  variables  were  of  equal  importance  and 
that  air  variables  were  not  as  important  to  the  region  in  this  example 
problem.  The  resulting  calculation  of  the  RIC  for  this  level  is  shown 
in  the  following  tabulation. 


Variable 

Assignment 

of  Values 

Sum 

RIC 

Terrestrial 

0.5 

1 

1 

1 

- 

1 

0.42 

Aquatic 

0.5 

B 

J 

B 

0.42 

Air 

0 

0 

1 

1.0 

0.16 

Dummy 

0 

0 

0 

0.0 

0.00 

Total 

6.0 

1.00 

Note:  The  RIC  values  displayed  here  are  strictly  for 

illustration.  They  were  calculated  for  use  in  this 
example  problem  by  the  interdisciplinary  team. 
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D2  (Concluded) 


23.  RIC's  were  calculated  for  levels  2 and  3 in  the  same 
manner.  For  example,  each  set  of  terrestrial  variables  in  level  2 
associated  with  a particular  variable  in  level  1 were  ranked  against 
each  other  as  were  all  variables  in  level  3 that  were  associated  with 
the  same  variable  in  level  2.  All  calculated  RIC's  are  displayed  in 
Table  D3,  as  are  the  products  of  RIC's  obtained  by  multiplying  the 
RIC  for  each  variable  in  level  3 by  the  RIC's  of  the  associated  vari- 
ables in  levels  2 and  1.  For  those  variables  that  are  not  subdivided 
below  level  2,  the  RIC  product  was  obtained  by  multiplying  the  RIC  of 
the  variable  in  level  2 by  the  RIC  of  the  associated  variable  in 
level  1.  It  should  be  noted  that  as  a check,  the  product  RIC's  will 
sum  to  unity  at  each  level. 

Red-flagged  variables 

24.  In  the  EQ  account,  two  endangered  species  of  terrestrial 
animals  and  two  endangered  fish  species  were  considered  to  warrant 
additional  consideration.  In  this  example  the  red  flagging  was  used 
solely  to  draw  attention  to  these  species  during  the  RIC  calculations. 

In  different  situations,  red-flagged  variables  may  warrant  more  im- 
portance than  was  determined  for  this  example  problem. 

Alternative  Choice  Coefficient  (ACC) 

25.  ACC's  are  numerical  values  calculated  to  show  the  relative 
effects  of  the  alternatives  on  a specific  variable.  A dummy  alternative 
is  not  used  in  the  calculation  of  ACC's.  To  illustrate  the  various 
types  of  data  that  can  be  used  in  calculating  ACC's,  the  following 
examples  are  given. 

2G.  Use  of  qualitative  data.  Table  D2  illustrates  the  use  of 
qualitative  data  regarding  the  prediction  of  impacts  of  the  various 
alternatives  on  species  diversity  of  small  mammals.  The  data  in 
Table  D2  indicate  that  diversity  of  small  mammals  is  presently  mod- 
erate and  would  remain  moderate  with  implementation  of  Alternatives  C 
and  E.  Alternatives  A,  B,  and  D would  enhance  diversity.  The  fol- 
lowing ACC's  were  derived  using  pairwise  comparison  with  the  supposi- 
tion that  a greater  diversity  of  mammals  is  better  because  of  the 
stability  gained. 
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Alternative 

Assignment  of  Values 

Sum 

ACC 

A 

0.5 

n 

i 

■ 

3 

0.30 

B 

0.5 

B 

0.5 

1 

3 

0.30 

C 

0 

0 

0.5 

0.5 

0.05 

D 

0.5 

1 

1 

3 

0.30 

E 

0 

0 

0.5 

0 

0.5 

0.05 

Total 

10.0 

1.00 

27.  Use  of  quantitative  data.  Quantitative  impacts  can  be  scaled 

in  at  least  three  different  ways:  (a)  quality  index  values  can  be  de- 

termined directly  from  an  existing  appropriate  functional  relationship 
curve;  (b)  values  can  be  treated  as  qualitative  (best  to  worst)  and 
compared  by  the  pairwise  comparison  technique;  or  (c)  the  values  can  be 
proportioned  by  the  linear  scaling  technique. 

28.  Sinuousity,  a measure  of  the  actual  stream  length  between 
two  points  divided  by  the  straight-line  distance  between  those  points, 
can  be  shown  to  illustrate  the  first  case.  The  U.  S.  Army  Engineer 
Division,  Lower  Mississippi  Valley  (LMVD) , has  developed  a functional 
relationship  curve  that  was  considered  appropriate  and  was  used  for  this 
variable  (LMVD  1976).  In  general  this  curve  depicts  a higher  quality 
index  value  for  greater  sinuosity  (Figure  D2) . 
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Figure  D2.  Functional  relationship  curve 
(from  LMVD  1976) 
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29.  Values  for  total  stream  length  and  straight-line  length  were 
obtained  from  Table  D2  and  scaled  from  the  LMVD  curve  to  obtain  the 
following  values  for  the  alternatives: 


Alternative 

Sinuosity 

Quality 

Index 

Proportioning 

ACC 

A 

1.67 

0.65 

0.65/3.44 

0.19 

B 

1.60 

0.  61 

0.61/3.44 

0.17 

C 

1.70 

0.68 

0.68/3.44 

0.20 

D 

1.85 

0.75 

0.75/3.44 

0.22 

E 

1.85 

0.75 

0.75/3.44 

0.22 

Total 

3.44 

1.00 

As  can  be  seen  from  this  example,  it  was  deemed  necessary  to  modify  the 
quality  index  values  taken  from  a functional  relationship  curve  to 
force  the  quality  index  values  for  each  alternative  to  sum  to  unity. 

30.  In  situations  for  which  there  are  quantitative  data  but  no 
useful  functional  relationship  curve,  the  interdisciplinary  team  can 
either  develop  the  functional  curves  if  ample  information  is  available 
or  make  qualitative  comparisons  using  the  weighted  rankings  technique. 
The  hypothetical  data  in  Table  D2  for  amount  of  timberland  can  be  used 
to  demonstrate  this  situation.  The  interdisciplinary  team  made  the 
decision  that  for  a number  of  environmental  considerations,  timberland 
is  essential  to  the  area  and  any  losses  would  be  detrimental.  With 
this  assumption,  the  following  tabulation  was  derived  to  illustrate  the 
contribution  of  each  alternative  to  the  ACC  for  timberland: 


A1  ternative 

Assignment 

of  Values 

Sum 

ACC 

A 

1 

1 

0 

1 

3.0 

O 

CO 

o 

B 

0 

0 

0 

0 

0.0 

0.00 

C 

0 

1 

0 

0 

1.0 

0. 10 

D 

1 

1 

1 

1 

4.0 

0.40 

E 

1 

0 

1 

1 

1 

0 

2.0 

0.20 

Total 

10.0 

1.00 

31.  An  example  of  the  third  way  in  which  quantitative  data  can 
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be  used  is  provided  by  the  data  in  Table  D2  presented  for  the  aquatic 
variable,  water  surface  area.  Because  increased  surface  area  would  in- 
crease the  amount  of  solar  energy  striking  the  aquatic  environment  on  a 
surface  area  basis,  which  would  in  turn  enhance  productivity,  the  inter- 
disciplinary team  decided  that  increased  aquatic  surface  area  would  be 
beneficial  to  the  environment.  It  was  arbitrarily  decided  to  proportion 
the  values  by  dividing  the  surface  areas  that  would  result  from  imple- 
menting an  alternative  by  the  total  obtained  by  adding  all  surface  acres. 
This  manipulation  results  in  ACC  values  that  sum  to  unity  as  indicated 
in  the  following: 


Alternative 

Surface  Area 
sq  km 

Proportioning 

ACC 

A 

81.88 

81.88/252.68 

0.33 

B 

58.89 

58.89/252.68 

0.23 

C 

40.07 

40.07/252.68 

0.16 

D 

35.92 

35.92/252.68 

0.14 

E 

35.92 

35.92/252.68 

0.14 

Total 

252.68 

1.00 

32.  ACC  values  were  determined  for  each  variable  in  the  EQ  ac- 
count by  one  of  the  methods  discussed  previously  and  are  displayed  in 
Table  D3.  The  final  coefficients  (scores)  for  each  variable  were  de- 
rived by  multiplying  the  RIC  product  by  the  ACC  for  each  alternative. 
Assuming  that  the  differences  between  the  sums  for  each  alternative 
are  significant,  implementation  of  Alternative  D would  be  most  benefi- 
cial for  the  terrestrial  and  aquatic  categories,  and  implementation 
of  Alternative  E (no  action)  would  be  most  favorable  for  air  resources 
of  the  study  area.  It  can  be  seen,  however,  that  because  of  the 
greater  weights  that  were  given  to  the  terrestrial  and  aquatic  cate- 
gories by  the  interdisciplinary  team  through  the  assignment  of  RIC's, 
Alternative  D has  the  greatest  potential  in  terms  of  enhancing 
environmental  quality.  It  can  also  be  seen  that  only  Alternative  A,  if 
implemented,  would  lead  to  a situation  that  would  be  worse  than  that  of 
the  no-action  alternative. 
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RD  Account 


33.  In  accordance  with  Principles  and  Standards,  the  beneficial 
or  adverse  effects  of  proposed  plans  are  to  be  considered  "on  a system 
of  relevant  regions  (States,  river  basins,  or  communities)"  and  "will 
be  displayed  where  appropriate"  (Water  Resources  Council  1973).  For 
this  example  two  regions  have  been  delineated:  Region  I,  the  county 
within  which  the  sites  of  the  action  plans  and  Anytown  are  located,  and 
Region  II,  the  remainder  of  the  state  within  which  this  county  is 
located. 

34.  The  RD  account  includes  both  monetary  (income)  and  nonmon- 
etary impacts.  Whenever  possible,  the  income  variables  should  be 
measured  in  their  absolute  dollar  terms.  Scaling  of  the  regional  income 
impacts  between  alternatives  can  then  be  accomplished  in  the  same  manner 
as  the  scaling  of  the  NED  account  by  (a)  summing  all  variables  measured 
in  absolute  dollars;  (b)  assigning  a point  value  of  1.0  to  the  alterna- 
tive with  the  highest  net  regional  benefit  and  a point  value  of  0.0  to 
the  alternative  with  the  lowest  net  regional  benefits;  (c)  interpolating 
point  values  between  1.0  and  0.0  for  the  remaining  alternatives;  and 

(d)  scaling  the  point  values  so  that  they  sum  to  1.0. 

35.  In  many  actual  planning  situations,  insufficient  information 
is  available  to  determine  the  absolute  dollar  impacts  of  all  income 
variables.  When  data  are  insufficient,  variables  with  comparable  mone- 
tary measures  can  still  be  summed  for  scaling,  while  qualitative  judg- 
ment, pairwise  comparison  techniques,  functional  curves,  or  some  other 
appropriate  technique  will  be  needed  for  scaling  the  remaining  variables. 
To  ensure  that  all  variables  receive  appropriate  consideration  in  the 
evaluation  process,  an  RIC  is  assigned  to  each  variable,  including  all 
with  comparable  monetary  values.  The  RIC's  of  these  comparable  variables 
are  summed  to  determine  the  appropriate  weight  of  their  combined  ACC's 

in  deriving  the  final  coefficient  matrix. 

36.  The  measurements  used  for  determining  the  ACC's  for  the  in- 
come variables  for  Region  I in  the  example  are  summarized  in  Table  D4. 
Three  techniques  for  measuring  relative  differences  in  impacts  between 
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Table  D4 

RD  Account:  Region  I Income  Effects 


Measurement 

Alternative-Income  Effects 
Thousands  of  Dollars 

in 

Technique 

Variable 

A 

B 

C 

D 

E 

Direct 

Value  of  outputs 
Flood  control 

600 

550 

600 

400 

0 

Irrigation 

150 

150 

150 

0 

0 

Recreation 

100 

50 

10 

50 

0 

Value  to  unemployed  or 
underemployed  resources 

150 

147 

87 

0 

0 

User  payments 

-200 

-170 

-400 

-410 

0 

Net  regional  effects 

800 

727 

447 

40 

0 

Indirect 

Increases  from  induced  or 
stemming  activities 

200 

50 

0 

0 

0 

Losses  of  assistance  and 
welfare 

150 

147 

87 

87 

0 

Qualitative 

judgment 

Increases  from  construction 
and  operation  and  main- 
tenance activities 

High 

High 

High 

Low 

Low 

Losses  from  displaced 
regional  activities 

High 

High 

High 

Low 

Low 

Indirect  increases  in 
public  facility  or 
service  expenditures 

High 

High 

Moderate 

Low 

Low 
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alternatives  are  illustrated:  direct,  indirect,  and  qualitative 

j udgment . 

37.  It  was  assumed  for  this  example  that  the  value  of  outputs, 
the  value  to  unemployed  or  underemployed  resources,  and  user  payments 
can  be  directly  measured  for  Region  I in  absolute  dollar  terms.  These 
measures  can  then  be  summed  to  determine  their  net  regional  impact 
with  appropriate  ACC's  determined  by  the  use  of  the  linear  scaling 
process  described  previously. 

38.  In  some  planning  situations,  insufficient  information  is 
available  to  enable  direct  variable  measurement,  but  sufficient  informa- 
tion is  available  to  provide  an  indirect  measure  that  will  provide  a 
more  accurate  estimate  of  relative  differences  between  the  impacts  of 
alternatives  than  qualitative  judgment.  Two  examples  are  presented  in 
Table  D4.  Recreation  benefits  attributable  to  visitors  originating  from 
outside  Region  I were  used  as  an  indirect  measure  for  increases  from 
induced  and  stemming  activities,  and  the  value  to  unemployed  or  under- 
employed resources  was  used  for  loss  of  assistance  and  welfare.  Again 
the  linear  scaling  technique  described  previously  is  used  to  derive 
ACC's  for  these  variables  from  the  indirect  measures. 

39.  It  should  be  noted  in  Table  D4  that  the  value  to  unemployed 
or  underemployed  resources  for  Alternative  D is  estimated  to  be  0.0 
when  used  as  a direct  income  measure,  but  $87,000  when  used  as  an  in- 
direct measure  of  losses  of  assistance  and  welfare.  This  inconsistency 
is  appropriate.  Alternative  D was  assumed  to  be  primarily  a local  re- 
sponsibility. Any  payments  to  unemployed  or  underemployed  resources  in 
Region  I from  the  implementation  of  Alternative  D would  be  intraregional 
transfers  that  would  not  result  in  any  net  income  gains  for  Region  I. 
However,  the  income  redistribution  effect  of  such  transfers  would  result 
in  the  loss  of  Federal  and  State  monies  for  assistance  and  welfare 
programs  within  this  region. 

40.  When  insufficient  information  is  available  to  determine 
either  direct  or  indirect  measures  of  the  impacts,  the  interdiscipli- 
nary team  will  have  to  use  qualitative  judgment.  Examples  in  Table  D4 
include  increases  from  construction  and  operation  and  maintenance 
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activities  (greatest  impact  from  wages  to  out-of-area  workers  during 
construction  activities  for  Alternatives  A,  B,  and  C)  , losses  from  dis- 
placed regional  activities  (Alternatives  A and  B would  displace  some 
gravel  operations) , and  indirect  increases  in  public  facility  or  service 
expenditures  (Alternatives  A and  B are  expected  to  result  in  the  great- 
est need  for  services  for  out-of-area  construction  workers  and  recrea- 
tion visitors.  Alternative  C less,  and  Alternatives  D and  E the  least). 
ACC's  for  these  variables  are  then  derived  by  the  pairwise  comparison 
technique.  An  example  for  losses  from  displaced  regional  activities  is 
presented  in  the  following  tabulation.  As  illustrated  in  this  example. 
Alternatives  A and  B are  expected  to  result  in  the  greatest  displacement 
of  regional  activities  and  are,  therefore,  the  least  desirable. 


Alternative 

Assignment  of  Values 

Sum 

ACC 

A 

0.5 

0 

0 

0 

0.5 

0.05 

B 

0.5 

0 

0 

0 

0.5 

0.05 

C 

1 

1 

0.5 

0.5 

3.0 

0.30 

D 

1 

1 

0.5 

0.5 

3.0 

0.30 

E 

1 

1 

0.5 

0.5 

3.0 

0.30 

Total 

10.0 

1.00 

41.  Other  income  variables  considered  by  the  interdisciplinary 
team  in  the  RD  analysis  for  Region  I included  external  economies  and  dis- 
economies and  regional  contributions  not  included  in  direct  user  payments. 
The  impact  of  the  alternatives  on  these  variables  was  determined  to  be 
insignificant,  and  they  were  considered  by  the  interdisciplinary  team  to 
be  of  insufficient  importance  to  be  included  in  the  final  evaluation. 

42.  Similar  analyses  as  described  previously  were  used  by  the 
interdisciplinary  team  to  measure  and  scale  the  impacts  of  the  alter- 
natives for  the  remaining  variables  within  the  RD  account  for  Regions  I 
and  II.  The  ACC's  derived  from  these  analyses  are  presented  in  Ta- 
ble D5.  Also  presented  in  Table  D5  are  the  RIC's  derived  by  the  inter- 
disciplinary team  and  the  final  coefficient  matrix  for  the  RD  account. 

The  rationale  and  derivation  of  the  RIC's  for  the  first  level  of  vari- 
ables within  Region  I are  discussed  as  follows. 


Variable 

Assignment  of  Values 

Sum 

RIC 

Income  effects 

0.5 

1 

0 

1 

Cl 

4.5 

0.21 

Employment 

0.5 

B 

0 

1 

1 

1 

4.5 

0.21 

Population 

distribution 

0 

0 

1 

1 

1 

1 

3.0 

0.14 

Economic  base 
and  stability 

1 

1 

1 

1 

1 

0.29 

Environmental 

effects  of 

regional 

concern 

0 

1 

0 

0 

1 

1 

2.0 

0.10 

Regional  effects, 
on  education, 

culture,  and 

recreation 

opportunities 

0 

1 

0 

0 

0 

0 

1 

1.0 

0.05 

Dummy 

0 

1 

0 

0 

0 

0 

0 

Total 

Note:  It  must  be  emphasized  that  the  RIC  values  described  herein  are  solely  for  illustra- 

tion. They  were  developed  by  one  interdisciplinary  team  for  the  hypothetical  setting 
of  Region  I and  should  not  be  considered  as  having  any  general  applicability. 


43.  As  illustrated  in  the  preceding  tabulation,  the  economic  base 
and  stability  variable  was  rated  as  most  important  by  the  interdisci- 
plinary team  for  Region  I.  This  rating  is  justified  for  this  example  be- 
cause of  the  poor  and  declining  economic  conditions  described  for  Any- 
town  and  the  surrounding  area.  Without  an  improvement  in  the  economic 
conditions,  little  else  may  be  accomplished.  It  is  also  reasonable  then 
that  the  related  economic  variables  of  income  and  employment  are  also 
considered  more  important  than  the  other  factors.  Environmental  quality 
and  cultural  opportunities  are  not  considered  as  important  by  the 
residents  of  the  area  given  their  present  economic  plight. 

44.  In  order  to  derive  the  final  coefficient  matrix  presented  in 
Table  D5,  a final  RIC  value  must  be  derived  for  each  variable  for  which 
ACC's  have  been  determined.  This  final  RIC  value  is  derived  by  multi- 
plying the  individual  RIC's  for  each  level  from  which  a given  variable 
was  disaggregated.  For  example,  the  final  RIC  for  losses  of  assistance 
and  welfare  in  Region  I (0.0141)  was  derived  by  multiplying  the  RIC 

for  Region  I (0.67)  by  the  RIC  for  income  effects  (0.21)  and  this  pro- 
duct (0.14)  by  the  RIC  for  losses  of  assistance  and  welfare  (0.10). 
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The  final  coefficient  matrix  is  the  product  of  the  ACC's  and  the 
appropriate  final  RIC. 

45.  Alternatives  for  the  RD  account  are  ranked  by  summing  the 
columns  of  the  final  coefficient  matrix.  In  this  example.  Alterna- 
tive A,  with  a total  of  0.2741,  is  the  best  alternative  when  consider- 
ing regional  development  while  Alternative  E,  with  a total  of  0.1316, 
is  the  worst. 

SWB  Account 

46.  Water  and  land  resource  plans,  if  implemented,  may  result  in 
significant  effects  on  social  well-being.  As  stated  in  Principles 

and  Standards,  "these  effects  reflect  a highly  complex  set  of  relation- 
ships and  interactions  between  inputs  and  outputs  of  a plan  and  the 
social  and  cultural  setting  in  which  these  are  received  and  acted  upon" 
(Water  Resources  Council  1973).  It  is  beyond  the  scope  of  this  example 
to  go  into  specific  measurements  for  social  impact  assessment.  Once  the 
processes  of  impact  assessment  are  completed,  however,  the  variables 
and  impacts  may  be  listed  and  weighted  for  the  alternatives  under 
consideration. 

47.  Table  D6  presents  examples  of  variable  measurements  con- 
sidered in  this  problem.  As  previously  described  in  the  RD  account,  the 
scaling  of  the  impacts  may  be  based  rot  only  on  quantitative  data  but 
also  on  the  interdisciplinary  team's  professional  judgments.  For  some 
of  the  input  variables  of  the  SWB  account,  either  direct  or  indirect 
quantitative  measures  exist;  for  others,  however,  only  qualitative 
ratings  of  impacts,  such  as  high-moderate-low,  are  possible. 

48.  The  variables  entitled  "direct  tax  increases"  and  "flood 
damages  prevented"  in  Table  D6  provide  examples  of  quantitative  measures 
that  can  be  used  for  scaling  within  the  SWB  account.  Estimates  of  the 
local  share  of  the  costs  of  implementation  of  the  various  alternatives 
provide  the  variable  measurements  for  the  former;  estimates  of  expected 
flood  damages  prevented,  for  the  latter.  The  process  of  linear  scaling 
of  the  differences  between  alternatives  for  direct  tax  increase  (flood 
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Examples  of  SWB  Variables 


damages  prevented)  is  as  follows:  (a)  assign  a value  of  1.0  to  Alterna- 

tive E (Alternatives  A and  D)  and  a value  of  0.0  to  Alternative  D (Alter 
native  E) ; (b)  interpolate  point  values  between  1.0  and  0.0  based  on  the 
variable  measurements;  and  (c)  scale  the  point  values  to  sum  to  1.0. 

49.  Several  examples  of  more  subjectively  determined  impacts  are 
also  presented.  It  is  in  these  cases  that  the  values  of  the  community 
come  into  force,  and  quantitative  measures  are  not  sufficient  or  avail- 
able. The  effects  of  the  proposed  alternatives  on  public  facilities 
and  services  are  judged  in  view  of  the  community's  highly  valued  sta- 
bility and  inability  to  support  large  influxes  of  new  residents.  These 
factors  also  come  into  play  in  determining  the  impacts  on  the  index  of 
esthetic  satisfaction.  The  people  of  Anytown  value  their  present 
social  and  physical  environment;  the  alternatives  that  would  cause  the 
greatest  change  are,  therefore,  the  least  desirable.  Another  subjec- 
tively determined  measure  is  the  variety  of  recreational  activities. 
Although  the  residents  currently  enjoy  a varied  mix  of  recreational 
activities  and  do  not  want  rapid  growth  or  development  in  the  area,  they 
would  enjoy  and  appreciate  improvements  in  the  types  of  activities 
available  to  them.  In  this  instance,  therefore,  the  large-reservoir 
alternative  is  most  desirable.  In  each  of  these  subjectively  ranked 
measures,  the  pairwise  comparison  is  used  to  derive  the  ACC's,  as  il- 
lustrated for  public  facilities  and  services  in  the  following  tabulation 


50.  ACC's  for  the  SWB  account  are  presented  in  Table  D7.  Data 
for  several  additional  variables  were  gathered  and  examined,  but  were 
not  included  in  the  final  analysis  because  of  their  lack  of  relevance 
to  the  choice  of  alternatives.  In  other  instances,  data  for  more  than 
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one  variable  reflected  the  same  relative  impacts  for  a particular 
characteristic,  e.g.,  the  variables  "median  family  income"  and  "per 
capita  income"  both  refer  to  "income  generated."  In  such  cases,  one  of 
these  may  be  dropped.  However,  this  judgment  may  be  made  only  as  one 
progresses  through  the  assessment  process;  there  are  few  instances  where 
it  may  be  predetermined. 

51.  Also  presented  in  Table  D7  are  the  RIC's  and  the  final  co- 
efficient matrix  for  the  SWB  account.  The  RIC's  were  derived  by  using 
pairwise  comparison  and  the  professional  judgment  of  the  interdiscipli- 
nary team.  An  example  follows. 


Note:  A = real  income  distribution. 

B = life,  health,  and  safety. 

C = educational,  cultural,  and  recreational  opportunities. 

D = emergency  preparedness. 

£ = demographic  characteristics. 

F = community  organization. 

52.  As  shown  in  this  example,  it  was  the  decision  of  the  team 
that,  in  terms  of  the  SWB  of  the  residents  of  Anytown,  the  variables  of 
"life,  health,  and  safety"  and  "demographic  characteristics"  were 
equally  the  most  important.  This  perspective  may  be  contrasted  with 
that  of  the  RD  account,  in  which  the  economic  characteristics  were 
given  the  highest  priority.  Although  seemingly  contradictory,  this 
variation  in  weighting  is  explained  by  the  variation  in  the  emphasis  of 
the  two  accounts  involved.  The  RD  account  focuses  on  the  development 
of  the  area,  while  the  SWB  account  focuses  on  the  quality  of  life,  the 
more  subjective  aspects  of  living  in  Anytown. 

53.  The  development  of  RIC's  for  the  other  variables  follows  the 

same  process:  judgment  and  weighting  by  the  team.  When  RIC's  and  ACC's 


* 
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have  been  developed  for  all  of  the  variables,  the  impact  display  is  pre- 
sented in  the  final  coefficient  matrix.  The  final  FIC  and  final  coef- 
ficient matrix  are  obtained  as  discussed  for  the  FD  account.  In  this 
example.  Alternative  D,  with  a value  of  0.2410  is  the  best  alternative 
for  SWB;  while  Alternative  E,  with  a value  of  0.1661,  is  the  worst. 

Comparison  Between  Accounts 


54.  The  four  accounts  may  be  compared  by  using  methods  previously 
described  in  each  of  the  accounts  of  alternatives.  These  methods  may 
not  be  applied,  however,  until  final  scores  from  the  final  coefficient 
matrixes  of  all  the  accounts  are  scaled  to  a comparable  range.  The 
ACC's  for  the  NED  account  are  derived  by  scaling  the  net  benefits  for 
each  alternative  with  the  worst  NED  alternative  always  assuming  a value 
of  0.0  and  the  ACC's  summing  to  unity.  The  ACC's  for  the  remaining  ac- 
counts must  conform  to  this  procedure  and  range  in  order  to  be  comparable. 

55.  To  accomplish  this  transformation,  the  final  scores  from  the 
final  coefficient  matrixes  are  used  as  a basis  for  the  scaling  procedure 
outlined  in  the  NED  account.  The  SWB  account  may  be  used  as  an  example. 
Final  ACC's  within  the  SWB  account  are  as  follows: 


A 

B 

C 

D 

E 

0.1709 

0.1926 

0.2259 

0.2410 

0.1661 

56.  The  most  desirable  alternative  is  assigned  a value  of  1.0; 
the  least  desirable  receives  a 0.0;  and  those  remaining  are  assigned  on 
the  basis  of  their  relative  values  within  this  range: 


A 

B 

C 

D 

E 

0.03 

0.33 

0.73 

1.00 

0.00 

57.  Finally,  these  point  values  are  scaled  to  sum  to  1.0: 


A 

B 

C 

D 

E 

0.01 

0.15 

0.35 

0.49 

0.00 

58.  This  same  process  is  followed  for  the  ACC's  of  the  FD  and 
EQ  accounts.  The  transformed  ACC's  for  the  accounts  are  shown  below. 
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along  with  the  RIC's  determined  for  each  account.  These  are  multiplied 
together  and  the  products  shown  in  the  final  coefficient  matrix  of  the 
analysis. 


59.  This  display  shows  that  Alternatives  A,  C,  and  D are  fairly 
evenly  ranked  as  far  as  being  most  desirable.  Alternative  E is  the 
least  desirable,  with  Alternative  B in  between.  To  examine  trade-offs 
between  accounts,  it  may  be  noted  that  Alternative  A derives  most  of  its 
strength  from  its  high  score  in  the  NED  account.  The  EQ  account,  on  the 
other  hand,  provides  its  greatest  weight  in  Alternative  D.  These  kinds 


of  comparisons  are  examples  of  the  ways  these  numbers  may  be  used  to 
assist  in  project  evaluation. 


In  accordance  with  70-2-3.  paragraph  6c(l)(b), 
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In  Library  of  Congress  format  Is  reproduced  below. 


* 


i 


Solomon,  Raymond  Charles 

Water  resources  assessment  methodology  (WRAM)  — impact 
assessment  and  alternative  evaluation,  by  R.  Charles 
Solomon,  Billy  K.  Colbert,  William  J.  Hansen,  Sue  E.  Rich- 
ardson, Larry  W.  Canter  (-and]  Evan  C.  Vlachos.  Vicksburg 
U.  S.  Army  Engineer  Waterways  Experiment  Station,  1977. 

1 v.  (various  pagings)  illus.  27  cm.  (U.  S.  Water- 
ways Experiment  Station.  Technical  report  Y-77-l) 

Prepared  for  Office,  Chief  of  Engineers,  U.  S.  Army, 
Washington,  D.  C.,  under  Work  Unit  CWIS  3lLL 3 . 

Includes  bibliographies. 


1.  Environmental  impacts.  2.  Impact  assessment. 

3-  Water  resources  planning.  1*.  Principles  and  standards. 
I.  Canter,  Larry  W. , joint  author.  II.  Colbert,  Billy  K. , 
joint  author.  III.  Hansen,  William  J.,  joint  author. 

IV.  Richardson,  Sue  Ellen,  joint  author.  V.  Vlachos,  Evan 
joint  author.  VI.  U.  S.  Army.  Corps  of  Engineers. 
(Series:  U.  S.  Waterways  Experiment  Station,  Vicksburg, 
Miss.  Technical  report  Y-77-l) 

TA7 .W3^  no.Y-77-1 


